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ABSTRACT 

The purpose of this thesis is to report on an economic 
analysis of the production structure of the sawmilling 
industry in Alberta. The rationale for conducting this study 
arose from broader socioeconomic problems and policy issues 
of wood supply, employment stability and competitiveness 
facing the Canadian forestry sector. 

Economic analysis of a production structure is 
generally meant to include the estimation and analysis of 
economies of scale, factor substitution among inputs, 
technical change biases in input usages and productive 
efficiency. The production structure is fairly complex and 
1S approximated by a translog cost function consisting of 
the prices of labor, capital services, wood and materials 
inputs and output in the temporal model. The cross-sectional 
translog model, utilized to study scale economies in the 
industry, uses the same prices except that energy prices 
replace material prices. 

The production structure is found to be best 
represented by a nonhomothetic translog cost function in 
both cases. The selection of the nonhomothetic structure 
permits significant factor substitutions among pairs of 
inputs to take place in the sawmills, economies of scale to 
vary across sawmills and sawmills to be constrained by 
relative factor prices in expanding their operations. All 
three phenomena prevail. Also, technical change has been 
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over time. 

The time series data are from 1959 to 1981. Results 
indicate that the derived demand for wood is negative and is 
the most inelastic, indicating the 'basic-good' nature of 
this input in the sawmilling industry. The derived demand 
for labor was the most elastic among all the inputs. 

Labor displays substitution relationships with capital 
and material. The partial substitution elasticity between 
labor and capital showed a declining trend over time, 
perhaps reflecting the difficulty of displacing skilled 
labor by capital. Labor and wood as well as capital and 
material were both found to be complements. The strength of 
the complementarity relationship between capital and 
Material, however, has been declining over the years. The 
Substitution relationship found between capital and wood 
also showed a declining trend since the mid-seventies. 
Finally, material and wood displayed a fairly stable 
substitution relationship over the entire 23-year sample 
period. 

Estimation of a Cobb-Douglas stochastic frontier 
provided some knowledge about technical inefficency in the 
sawmilling industry. Deviations of observed costs from the 
minimum costs, the later costs being associated with the 
stochastic frontier, was revealed to be about 80 percent due 
to technical inefficiency with the remaining 20 percent 
aecounted ‘for by factors that are beyond the control of the 


sawmills. Thus the possibility for sawmills to reduce 
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production costs within the given production structure 
appears to exist. 

The cross-sectional data analysis used 1978 data from 
83 Alberta sawmills. The industry consists of very small to 
very large sawmills. Estimated scale economies revealed that 
55 percent of the 83 sawmills analysed had some amount of 
unexploited scale economies. The possibility of reducing 
production costs in the industry therefore appears 
encouraging, first by reducing inefficiency and second by 


utilizing unexploited scale economies. 


Vis 


- r ith eee 6 i" ie 
0) \, ; ; 
{ Fj ; 7) Wie v 
i. “<7 7 a ; poy: 
da hedyiw stacey BReS 
. veins i oe 


| iar | oF 
gots -wdhB0O! freq 2/7 y lamps Lago 2288 -abee Be’ i 
‘ ; ji wal x 7 7 


" pilineheata! abiseubontt 
$7 tiema 184 a ereladoy: qaamlbnt Pete a a rsh 


ads Heloses? S9etansn*. 71oo8 oezentive..2liinage 


+4 shuctia cmon bocif veo Lereces a puvke (Ch sn, 78 


pakwuSey. 22) Ye) | a wre" any) (BP Lane se si69R) 


siaeiqh #00 Prusd i Yipakhy: qu eanea 


wd fuoser 2s ¥odan  } Pans Seb: i >t 


, ao peyinas ies lacie ies 


ACKNOWLEDGEMENTS 
I wish to express my sincere gratitude to my supervisor 
Professor William E. Phillips for the advice, encouragement, 
help and friendship he has provided to me throughout my 
program at the University of Alberta. I also thank 
Professors Travis Manning, Melville McMillan, James Beck and 
Jeffery Stier, my external examiner, for their valuable 
comments on the thesis. 

I thank Professor Adolf Buse for the help and advice he 
provided me on many occassions while writing the thesis. To 
Norris Weimer, I wish to express my thanks for all the 
computing help he provided. 

To Professor K. M. Garg and Mrs. Garg, I wish to 
express my sincere thanks for their sponsorship of my 
arrival and my persuit of studies at the University of 
Alberta. To Professor Peter Apedaile, too, I wish to express 
my thanks for facilitating my admission to the University of 
Alberta. 

I wish to acknowledge the financial support provided by 
the Alberta Forest Development Research Trust during most of 
my academic program in Canada. In particular I wish to thank 
Mr. Joe Soos for his support. I am grateful to the Northern 
Forest Research Centre, Canadian Forestry Service for 
provision of essential data. The assistance of Dave Kiil, 
Harry Johnson, Mike Heit, Tim Williamson, Bill Ondro and 
Dianna Boylen are acknowledged. Financial support through 


the Program of Research by Universities in Forestry (PRUF) 


vas 


wosivTeae Ym OT Stk id suabais ye a eel 
Aremepdtcoons’ .s2tvts ata 9h htt ‘9 mel Ell¥ 2 
da QNoOnteeIAT St: >? pakiaers een «rt Gidakonte tna 6 


inadd. aal«< ° , atte te dé hraiesen afd ta ms 


oe" | as 

here toad eemst. .asllarg “Lee esters avast «7 
S tads 1 Sok bn) Paints qx , 10478 gx 
a giasd? ele ao 239 


SPGSUs SV 
af Sgfebe bug ibsd eon =c4 gave 2iebsA Saat ipeds I . 
a? .niasde od oni iew ollie mePlease nem oe we bebl 
ad Lis Yot aanea> om cease or dai | ,zamien atid 


ebive:y ef Gied gatiag va 


6: datw 7 «Byee 2% ons pi M.A 1éede Tots oT 


“1 1D oe shad sot sands eons "mH aaes 
io ydtieisvEnuens 26 20 ibues 39 Hise (B bres ieei fs 
apengke 2 2h wT coos ann knee be 1oesPlOyV, eT 4s 
16 depdda on a2) wigs vd a aan} Lome Tos pain 
529d! : 

vd Sei voNd hidinchiia® Lol sate 3 Diets eo; duis Tf ‘: 
Ra gé#om pirisub deur? Assay | ed saeiGt Bi mpdllAé 043 
Wapeay cd fi2iw £ srajursee Om Sse ab matporg siasbane gal ¢ 
Weiss siz Of tuts feng peak: 2380902 aii 40d. eoo8 20% q 
Baweinn dsteaeen a 


402 soivae® ysae's' 


Oo Fae 
r 


was essential in completing this work. 

Many people have provided help at various stages of my 
program. I wish to thank Clare Shier and Jim Copeland for 
their help. The assistance of other staff members of the 
Department of Rural Economy are also acknowledged. 

I wish to express my Sincere appreciation Mike Daniel 
for the help and warm friendship he has provided to me 
throughout my stay in Canada. To Jim MacArthur, Dana Hayden, 
Richard McConnell and David Oke and all other fellow 
graduate students, I extend my thanks for their 
companionship. I'll miss the Power Plant folks! To Wiktor 
Adamowicz I wish to express my sincere appreciation for 
having shared many fruitful hours with me, both in the 
Department and at the 'mountains’. 

To my father and mother and other members of my family 
I wish to express my utmost thanks for the encouragement and 
Support they have always provided me. Last but not the least 
to Lynn Gaetz I express my sincere thanks for the help she 


provided me on numerous occasions. 


ix 


a no ; 
nan ioWtdstqece wi) Laateaeme 
yn te sopate avo lt iv $a°Te Lona svat alcarq wet 


404 Hoeleyjod wat ors wes pe SislD, acedt’ o2 date © 2 


vi 7 
7 


ai’ to etodnew. its ie saafo to hel cidade ite eft «.@fed 

‘eohoeisvocine 2e.araae wagonee® Leal 36 trends: 

Ctriatl AIM corte hae" Yeps: Steants eu Badvq.e OF ade, Tt 

nix 8 babivodGgaad, ar divtarerst ys qzvev ona qise ag 

Hiss Asay “tev “s “She iaD Ci geese Ee 
: 

wollss tel@o f.>, bas Sapcaiess oye ‘Tenenige &¢ 

bad yeas Jyivetits Sir Gaeixe ( ,2cosbyde ea 

Soddlw of !extot snaltutegperens eet st’: .<aidendo be: 

4a nolisiasiggs. 1c oC tee aes ©4. Vee it eee 

ag!) dood 9m citiy 2au@eb ett {u n> eues Getade 208% 

| ) Lambs seuog’ st¢ jm tie sed ates 

‘fiws? yn io 2s2edmam tedyo Sie aaesen ot, sotte}. oe nN 

bila JORMSpeICoAy Ss: 164 tag eet Ba Fis nar rasvges ot dad@) 

fesel od3,dgon set seed: 13m agittqam) ayavis addd, Gato ae 

Wie Gish sd 162 Sa cBng sane Vit 225: aa i siogy GN? 4 


“emtbastey satan ae ‘a initia 


‘ahh 


1. INTRODUCTION 
The purpose of this study was to conduct an economic 
analysis of the production structure of the sawmilling 
industry of Alberta. To carry out this task, a translog cost 
function was utilized. Several models nested within the most 
general translog model were generated and tested against the 
most general model. The idea behind this process was to 
conduct a series of statistical hypothesis tests in order to 
select the most appropriate model representing the 
production structure of the sawmilling industry. Once a 
model was selected, comparative static analyses were 
conducted to study various characteristics of the production 
structure. A sample of cross-sectional data was also 
utilized to study scale economies in the sawmilling 


industry. 


1.1 Discussion of the Problem 

Forests have played a significant role in the 
development of Canada. Today the forests products industry 
(lumber,plywood, paper and allied products) ranks fourth in 
terms of its contribution to gross domestic product. 
Furthermore, the forest industry attracts significant 
foreign exchange. 

Much of Canada's vast land mass is covered by forests, 
some of which are commercially available and some of which 
are not. For a long time this renewable natural resource was 


thought to escape depletion in supply and may have 
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contributed to current excesses from harvest rates which are 
high in relation to replenishment rates. Exploitation of 
timber in recent times has had to be conducted in less 
accessible areas. Production costs have in turn 

increased.' The impact of increased production costs can be 
very Significant. Increased production costs make Canada's 
position in international markets for forest products less 
competitive relative to her trading partners. In the 
domestic economy the impact is felt further in terms of 
reduced income and employment effects. 

The debate over whether or not there is an abundant 
stock of forests in Canada has started to receive serious 
attention from both forest economists and policy makers. 
Past research efforts in the forest sector appear to have 
focused primarily on the biological aspects of forestry with 
little emphasis given to the socio-economic issues related 
to the sector. 

A recent report (Pearse et al. 1984) points out that 
the problems faced by this sector are basically economic in 
nature. The same report also attempts to identify the 
magnitude of the situation faced by the forest industry 
sector of Canada in the following manner. 

The economic strain resulting from these trends in 
Canada and the subsequent loss of comparative 
advantage and competitiveness on world markets will 
be further aggravated by relatively stable (e. g., 
Europe) or slightly rising (e.g., United States) 


real costs for some of our major trading partners. 
(Pearse et al., 1984,p. 4). 


‘See Pearse et al. (1984). 
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Means to make this sector competitive in international 
markets on the one hand, and make this sector a viable 
source of income and employment on the other, stand out as 
problems that deserve serious attention. Many issues are 
involved which require the classification of the problem 
Situtation into different components. For example, there are 
issues that go beyond domestic marketing to international 
marketing of forest products. The costs of future timber 
supplies and their likely effects on income and employment 
in the domestic economy are alSo areas to be addressed by 
research economists. Economic analysis of the production 
Structure of the industry provides important feedback to 
policy makers. There are also issues that relate to 
investment requirements which may be necessary if the 
competitiveness of this industry can be enhanced by 
introducing new technology. Given the different issues 
involved, the classification of the problem into different 
dimensions becomes justifiable. A study, such as the present 
one, can deal only with one such issue due to constraints on 
the researcher's experience, time, finances, and other 
resources. This study concentrates on one micro level issue; 
namely, economic analysis of the production structure of the 
Sawmilling industry in Alberta. 

Alberta is endowed with an abundance of timber 
resources which occupies over half of the province's surface 
area. Compared to other provinces in Canada, the stock of 


forest resources in Alberta is relatively accessible and 
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economically exploitable. Reed and Associates (1978)? point 
out that in the south-west part of the province (generally 
referred to as zone 2) the estimated softwood reserve is 
about 2.8 million cubic meters out of which only about 
one-ninth was committed to companies operating in the area 
in 1978. The report further points out that the remaining 
volume is believed to be accessible and economically 
harvestable. Hardwood stands which are accessible are 
virtually uncommitted in the province. The west central part 
of the province also contains huge reserves of accessible 
softwood and hardwood. Alberta appears to have the best 
prospects among Canadian provinces for expanding the forest 
products industry and at the same time attracting foreign 
investments. 

The sawmilling industry in Alberta consists of mills 
ranging from large scale automated and computerized mills to 
small scale part time operations. For example, in a survey 
conducted by the Northern Forest Research Centre, Canadian 
Forestry Services in 1978, output of Alberta sawmills ranged 
from five thousand foot board measure (fbm) to over 80 
million fbm per mill.* Compared to other provinces in Canada 


the sawmills are fairly new in Alberta in terms of large 


2See Reed and Associates (1978) for more details on the 
relative stocks of timber resources across Canada by 
provinces. 
2This later issue was pointed out by S. Nilsson in a seminar 
that was sponsored by the Canadian Forestry Service, Ottawa, 
April 4, 1984. 

4See Ondro and Williamson. This information report prepared 
by Ondro and Williamson provides an excellent 
cross-sectional view of the forest industry in Alberta. 
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scale operations and modern technology (Bigsby, 1983). 

Over time there has been a trend towards larger 
sawmills in Alberta as well as in Canada as whole. Ondro and 
Williamson (1982) reported that in 1972, 42 percent of the 
total output of Alberta sawmills was produced by 4.2 percent 
of the sawmills and by 1978-79, 60 percent of the industry's 
output was produced by 2.3 percent of the mills. In spite of 
the large number of small sawmills the role played by these 
smaller sawmills should not be underestimated. Ondro and 
Williamson (1982) have documented three major roles the 
smaller sawmills play in the provincial economy. To quote 
the authors, 

Despite their relatively minor contribution to total 
output, the small sawmills play important roles in 
the local economies for three reasons. First, the 
revenues generated by these operations are an 

important source of primary and supplementary income 

to both full-time and part-time independent 
operators. Second, they are an important source of 
Supply of low-cost lumber in the local economies. 
Third, they utilize isolated tracts of timber that 
may be considered uneconomical by larger operators, 

(phos 

In 1978-79, sawmills accounted for 44 percent of the 
total employment in the provincial forest industry. Also in 
the same year over 43 percent of the total value of sales of 
the forest industry originated from this industry. The 
domestic market for the sawmilling industry's output is 
fairly small compared to its market in the United States. 
For example, in 1978-79 only 26.2 percent of the output from 


the sawmills was sold within the province, compared to 51.3 


percent sold in the United States. The remainder was sold in 
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other provinces across Canada. 

The brief discussion above on the sawmilling industry 
highlights the economic importance of this industry in the 
provincial economy. The demand for this industry's output is 
a derived demand - the demand being derived from the 
furniture industry, the construction industry, other wood 
using industries in the domestic as well as foreign 
economies. Except for the two pulpmills in Alberta, 
virtually all timber harvested in the province is processed 
through sawmills. Hence, if the forest products industry in 
the province is to expand its scale of operations and 
attract foreign capital investments, the role of the 
Sawmilling industry cannot be underestimated. > 

No study has been conducted that takes an indepth 
analysis of the sawmilling industry in Alberta. Previous 
work by Williamson (1983) who conducted a cross-sectional 
analysis of a sample of the sawmills represents an important 
start, however. The scope of that work was limited because 
the production structure analysis was conducted on the basis 
of only two inputs, labor and capital, specified in the 
Constant Elasticity of Substitution production function. 
Bigsby (1983) utilized time-series data and conducted an 
economic analysis of the sawmills using the translog cost 
function. The present study goes beyond these earlier works 
in the analysis of the sawmills’ production structure in 


‘This is not to underestimate the economic role of the two 
pulpmills in the province. However, the data for the 
pulpmills are not available at provincial level in Canada 
because of the small number of such mills in the country. 
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that it is more exhaustive. Cross-sectional data are also 
utilized to estimate the returns to scale in the sawmilling 
industry using the translog cost function approach. 

The Alberta sawmills vary considerably in size and type 
of mill equipment. Sawmills producing in excess of five 
million fbm annually generally rely on rapid linear feed 
Sawmill technology. Sawmills in the one to five million fbm 
annual output size grouping use primarily circular saw 
headrings for log breakdown. Some large mills also utilize 
debarkers and chippers and thus produce chips as a 
by-product. There is a decrease in the sophistication of 
technology as one examines smaller and smaller mills. The 
incidence of portable mills increases with smaller mill 


sizes. 


1.2 Objectives 
An economic analysis of a production structure 
generally includes estimation and analysis of the following 
components: * 
im Wireturns>? tovscale; 
2. input separability; 
3. factor substitution; 
4, technical change; and 
5. productive efficiency. 


‘See for example, Moroney (1971). Other issues may include 
the total factor productivity issue and distribution of 
factor shares. The first issue is seldom taken up at the 
industry level. Neither issue is taken up in this study. 
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1. The existence of constant, increasing or 
decreasing returns to scale characterizing the production 
process has been an intergral part of most studies that 
analyse production structures, especially in the context of 
individual firms or industries. The estimate of the scale 
economies can provide valuable insights to policy makers as 
to the future growth potential of the unit of analysis. For 
example, if scale effects in an industry are large and the 
domestic market for the industry's output is small, 
exploration of foreign markets could become a worthwhile 
venture. Scale economies have long run implications for the 
Structure of production, i.e., reorganisation. 

2. Separability is a structural property ina 
production model. It allows the specification of a 
production process in terms of subsets of the total set of 
possible inputs. It further facilitates empirical estimation 
as well. Over time the relative importance of certain inputs 
change in the production process in response to changes in 
relative factor prices. Separability tests provide an idea 
on whether or not inputs can be aggregated. Separabilty 
between inputs, if it exists, allows decision making to 
proceed in two stages. In the first stage aggregate 
expenditure on different inputs can be determined. In the 


second stage the relationship between inputs in each 
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Subgroup can be analysed in submodels. 
Separability is of direct economic interest, 
implying uniform or invariant behaviour of certain 
economic quantities, and allowing decentralization 
in decision-making. It is also of critical interest 
in the specification of functional forms ...... 
(McFadden 1978). 
Recent developments in flexible functional forms allow the 
Statistical testing of separability issues for any given 
production process. Furthermore the separability issue has 
implications about elasticities of substitution. 

3. Substitutability is another major issue and 
concerns the degree to which one factor input can be 
substituted for another. Since substitution is defined in 
terms of factor proportions (or factor prices), cost 
functions can be utilized to study the behaviour of factor 
proportions (or factor shares). 

4, Technical change can also be characterized ina 
cost function. Usually, certain hypotheses are made about 
technical change in a production process, which are then 
tested empirically. 

5. Recent developments in the estimation of 
stochastic frontier functions enable the analysis of 
technical and allocative inefficiencies for firms in an 
industry or over time. The econometric issues involved in 
estimating stochastic frontiers are fairly complicated but 
possible, at least in the case of technical inefficiency. 
Knowledge about productive efficiency (technical and 


allocative efficiencies) can provide insights into possible 


enhancement of efficiency. 
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The above issues form the objectives of this thesis in 
the context of the sawmilling industry in Alberta. An 
attempt is made to provide results that could be treated as 


valuable inputs for policy decisions. 


1.3 Method of Analysis 

The method of analysis adopted in this thesis is 
grounded in the neoclassical theory of production. In 
particular, the assumption is made that sawmill output is 
produced by combining inputs of labor, capital, materials 
and wood. The analytical approach to represent the 
production structure of an industry of firms goes beyond the 
confines of the Cobb-Douglas and the Constant Elasticity of 
Substitution production functions to a more flexible form of 
production function, namely the transcendental logarithmic, 
or translog, function. 

Developments in duality theory allow the specification 
of a production technology either by a production function 
or a cost function. Certain interesting properties 
associated with cost functions make the analysis of 
production structures more appealing from a cost function 
point of view. Furthermore by selecting flexible form 
functions many hypotheses that relate to different aspects 
of the production process can be tested which were not 
possible with the older functional forms. The required 


econometric techniques to estimate flexible functional forms 


are also utilized. 
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1.4 Outline of the Thesis 

Chapter 2 provides the analytical foundations for this 
thesis. The translog cost function is discussed at length in 
this chapter and is compared with the Cobb-Douglas and 
Constant Elasticity of Substitution production (CES) 
functions. Chapter 3 contains a discussion the econometric 
issues involved in estimating the translog functions and 
some test statistics that are utilized to test certain 
hypotheses related to the production structure. Chapter 4 is 
devoted to a discussion of the time series data set employed 
in this study. Discussion of the results is the topic of 
chapter 5. Chapter 6 iS an extension of chapter 5, wherein 
the stochastic cost frontier concept is discussed. Attempts 
made to estimate and analyze some interesting issues 
concerning technical and allocative efficiencies are 
contained in this chapter. In chapter 7 cross-sectional data 
obtained from the Northern Forest Research Centre, Canadian 
Forestry Services are utilized to estimate and analyse 
economies of scale in the sawmilling industry. The thesis 


concludes with the summary and conclusions chapter. 
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2. ANALYTICAL FRAMEWORK 


2.1 Introduction 

For several decades, the Cobb-Douglas function was 
virtually the only function that economists used to 
characterize the production structure of firms, farms or 
industries. In the early sixties the Constant Elasticity of 
Substitution (CES) function was introduced into the 
economics literature. This latter function overcomes some of 
the limitations inherent in the Cobb-Douglas function, but 
has problems of its own. In the past estimation using 
nonlinear (CES) functions proved to be more difficult than 
the Cobb-Douglas function, especially in the absence of high 
speed computers. 

Recent developments in duality theory allow the 
specification of a production technology by either a 
production or a cost function so long as the cost function 
Satisfies the regularity conditions postulated by 
neoclassical theory of production. Several different topics 
are also contained in this section. The transcendental 
logarithmic function is introduced and it is discussed in 
some detail. The flexible characteristics of this function 


are discussed in relation to the production process. 
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2.2 Inflexible Form Production Functions 

Among the inflexible’ form production functions that 
have had extensive applications to study the production 
Structure of firms or industries are the Cobb-Douglas, the 
Constant Elasticity of Substitution production function 
(CES) and the fixed factor proportion, or Leontief 
production function. These three forms are the most common. 

The Cobb-Douglas production function was derived from 
an empirical relationship observed whereby the total wage 
bill was proportional to output. Initially the 
transformation (input) parameters were always specified to 
sum to one, thus characterizing constant returns to scale. 
Later other parameters were specified for the inputs of 
labor and capital, thus making it possible to test 
Statistically the validity of the constant returns to scale 
hypothesis. Further modifications were made by generalizing 
the production function to more than two inputs. Given that 
the production function can be easily estimated, especially 
after logarithmic transformations of both inputs and output 
are made, its use in economics remained unchallenged until 
the 1960's. 

However, economists were not totally satisfied with 
certain features implicit in the Cobb-Douglas production 
function. For example, the elasticity of substitution 
between inputs is always restricted to unity. More 


importantly, by using the Cobb-Douglas production function, 


7The meaning of inflexible will be made clear below. 
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the feasible set of possible alternative production 
technologies that may be more close to the true underlying 
production technology cannot be tested. 

In 1963, Arrow et a]. (1963) formulated the CES 
production function based on their finding that the capital 
labor ratio among countries varied much more in some sectors 
than in others and that a linear (log) relationship between 
value added per unit of labor and the real wage existed. In 
other words, output per unit of labor was seen to be a 
changing proportion of the real wage rate. Utilizing 
cross-sectional data for 24 industries from various 
countries, they found that the elasticity of substitution 
between labor and capital was significantly different from 
unity which led Arrow et a]. to reject the Cobb-Douglas 
Specification as an adequate description of a production 
function. The authors then specified the elasticity of 
substitution to be a constant and were also able to 
demonstrate that the Cobb-Douglas and Leontief production 
functions were special cases of the CES production function. 

Nevertheless, the CES production function, in spite of 
the less restrictive a priori assumption of constant 
elasticity of substitution, has certain limitations. The 
function is intrinsically nonlinear and hence estimation is 
not as easy as in the Cobb-Douglas case. Estimation is 
generally carried out in three stages, even though now it 
can be estimated directly with the help of computer 


®See Walters (1963) for an excellent survey on the 
Cobb-Douglas function. 
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programs.’ Beyond the case of two inputs, the CES function 
gets very complex and estimation becomes difficult. Also, 
even though the elasticity of substitution is not restricted 
to unity, it nevertheless is still restricted to being 
constant. 

In reality the true underlying production structure is 
rarely known and as a result different functional forms have 
to be selected to study production structures. Given that 
the true underlying structure is rarely known, selection of 
functional forms that are less restrictive appears to be 
more desirable. In other words functional forms that do not 
a priori restrict the parameter estimates and other 
comparative static summary meaSures and that allow different 
hypotheses to be tested, are more desirable. The 
Cobb-Douglas and the CES (as well the Leontief) functions 
all fail to be flexible in the sense discussed above and 
hence may be labelled as inflexible form production 
functions.'° 

The need for flexible form functions should therefore 
be apparent from the limitations inherent in the two classes 
of production functions discussed above. During the last 
decade or so new functional forms have been introduced in 


the literature. All of these new functions, (translog, 


°See Nerlove (1967) for a survey of CES production function 
and its applications. 

1°Plexible as well as inflexible functions are, however, 
assumed to fulfill all properties of a well behaved 
neoclassical production (or cost) function. More of this 
aspect of functions is discussed below in the context of 
eost functions. 


niesnet) Gad ors «actus anicns: ans ono 8 
geist: Jétioett bb eemansa ngtaemit=s- Sie ras begineieels Ss i 


hang tiones. “en yai 0o:t0 [hee So-adis ‘icaci 9 ets geer a 


oF Letr Os Sea5r™ * >; PLPSe ee Saadtops vara xt i 


1 
s 


subd OCR RD sons ad? 


it) 


* 


Svkd sokiet ladoktonut thayes eee tenet 6 26 Ste sae 


* asian ts; ASLaAae veete OF 


_? 
ip 

* 

f 
nad 


ra vk “AS meena iccel” Fe eI 
el * ’ 4 _ P 
30.0 sess 29ito; 1 ese era ate sed 28 


tenn: Youre Bavow geite ol . 


é fc. mT on] = 
wn Oe CS id 
i ~- . “ sor - aa 4 a ~~) 
: Ora 27 AM > Seeeeorvre *¢ 2s 


(abr eiedl wes LA) 368 Oi* 2e 1G hae Poets 1875 
AT 4 Ohpiod teay eto 928 aque si: ae 

if asfgfeesa 2:3 (ioieea! SHO) at3 

OTS ts vaageige jb 02mm Big! eid.an: Au 32 Etete 


noi see ee dujtrst hades oe galt’ 


gaebelo ows editions eciahie : 


Shoal? 


8 162 (epere | 
panons a 


16 


generalized Leontief, and generalized Cobb-Douglas to name a 
few) have one thing in common; namely, they are far less 
restrictive in a manner described above than the older 
functions. Among the major flexibilities associated with the 
flexible form functions are as follows: (1) the elasticities 
of substitution are not restricted a priori; (2) 
complementarity elasticties can be estimated; and (3) 
sequential hypotheses testing of different models nested 
within the most general flexible function can be 
Statistically conducted to identify various characteristics 


of the production structure. 


2.3 Cost Function 

Duality allows the specification of a production 
structure either by a production or a cost function so long 
as the cost function satisfies certain regularity 
eonaditions..” * 

A very general cost function (C) can be written as a 


function of input prices (P,) and output (Y;): 


Q 
u 


CutPy avis 


When j = 1, the cost function 1s Said to be a single, output 
cost function and for values of j greater than one, the cost 


function represents a joint output or multiple output cost 
''The principles of duality will not be discussed here and 
it is taken for granted that duality exists between _ 
production and cost functions. See Shephard (1970), Diewert 
(1971), or Varian (1978) for details on duality. 
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function. Since the present study is concerned with a single 
output, namely lumber, the single output cost function can 


be written as 


Cs CCR A) G1) 


The P,'s refer to input prices of labor (L), capital 
(K), materials (M) and wood (W).'? The cost function (eq. 1) 
is a very general cost function and is said to be well 
behaved in the neoclassical sense if the following 
conditions are satisfied. 

1. The cost function must be a strictly positive 
function for positive input prices and positive output 


levels and implies 


GaetP ). AY) hOwy Bowrtahr <P - SeOynay t> On: (2) 


2. The cost function is a non-decreasing function in input 
prices. If P, and P,; are sets of two input prices with P; 2 


Pye tnen 


Gi Byam): fe CP TY): C3} 


3. The cost function is positively linearly homogeneous in 


input prices. When all prices double, cost also has to 


double, 


'2Chapter 4 contains a detailed discussion on the inputs, 
prices, output, total cost and other related issues. 
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ECAPA SY) xs AGIRP  4n¥.)% (4) 


where A iS a poSitive scalar. 


4, The cost function is concave in input prices and for any 


Scalarveryut S° Al 2n0e 


GUAR et Ae a et AC PY) Wee To) CU Die yi (5) 


5. The cost function is a continuous function of prices such 


that the first and second partial derivatives exist and 


0C/OP; > 0 and 07C/dP, aP; < 0. (6) 


When all of the above conditions are satisfied, the 
cost function is said to be a well behaved neoclassical cost 
function. Applying Shephard's lemma to the cost function 


results in factor demand functions of the form 


oC/oP; = X | Pay y) i GF.) 


where in equation (7), X,(P;,Y) refers to the ith input 
demand function. 

Given the properties (1 to 5) that all well behaved 
neoclassical cost functions have to satisfy, certain 
restrictions on the production technology are implied. 
Specifically, linear homogeneity in input prices imposes 


certain restrictions on the production technology (i.e., 
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imposes restrictions on the cost function prior to actual 


empirical estimation to insure reasonable economic 


behavior). The restrictions imposed a priori on the cost 


function are as follows: 


ie 


The sum of input costs must add up to total cost which 
is known as the adding up condition and can be written 


as 


CaP me CPME Ve = LCs (Py, Vie (8) 


Cournot's aggregation condition states that a change in 
the ith input price can lead to a reallocation of the 
total cost without violating the adding up condition and 


can be written as 


LEP, Cox APR, Yhi4 OP; Veexer seo; (9) 


Engel's condition states that a reallocation of cost 
will still fulfill the adding up condition and can be 


written as, 


ELpuLaxe (paevirseocph= Opsand (10) 


Symmetry implies the equality between the cross second 


order partial derivatives 
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In empirical work a specific functional form has to be 
selected to represent the cost function (eq.1). Economic 
theory provides very little guidance to this selection of 
Functional forms except for the restrictions that are 
implied by the neoclassical theory of production. 
Furthermore, in view of the earlier discussions on 
inflexible form functions, it is desirable to select 
functional forms that can represent fairly complex 
technologies and yet be fairly simple in specification as 
well as estimation. 

The transcendental logarithmic cost function or the 
translog cost function for short, developed by Christensen, 
Jorgenson and Lau (1973) is selected for empirical work. The 
following section provides a detailed discussion of the 
various aspects of the translog cost function that are 
pertinent to the analysis of the structure of production for 


Alberta's sawmills. 


2.4 The Translog Cost Function 

The purpose of this section is to introduce the 
nonhomothetic translog cost function and highlight some of 
its more flexible features. The objective here is to 
determine the manner in which structural characteristics of 
a production process can be studied with the help of a cost 
function. 

The nonhomothetic translog single output, multi-input 


cost function developed by Christensen, Jorgenson and Lau 
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(1973) can®beswritten jas: 
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The y's are the parameters of the cost function, t is 
time which is used aS a proxy for technical change and other 
variables are as defined previously. Utilizing the 
restrictions required by linear homogeneity in input prices 
condition, the following restrictions on the parameters of 


the translog cost function are implied: 


Ci) 2,7 be a: 
(ii) Ziyig=tZjy¥qi =03 


(iv) Liviy = OF 


These restrictions (eq. 13) are generally imposed prior 
to actual estimation of the parameters of the cost function. 
In other words, the restrictions (eq.13) are maintained 
hypotheses in most studies that have utilized flexible form 


functions. However, the Slutsky symmetry restrictions jy; ;= 
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Yj;i in some recent studies have been Statistically tested 
for their validity. If the symmetry restrictions are not 
valid, the immediate consequence is the non-equivalence 
between the two pairs of substitution elasticities o,,; = 
0;i-'* According to production theory, 0; j= 0,;. But if o,, 
# 0;; ,then the validity of production theory as well as the 
data utilized to estimate the substitution elasticities, 


become questionable. '* 


2.5 Elasticities Of Substitution And Price Elasticities 
For the translog cost function, Binswanger (1974B) has 
derived the Allen-Uzawa partial elasticities of substitution 


as follows: 


0 js j {S45 eo ee Vers £ one and (14) 


LSS eta So Sy (15) 


0 jj 


FOLsaALL 1, jiand 18:4. 


The elasticities are related to the second order 
coefficients of the translog cost function and the input 
cost shares (S,). The elasticities of substitution reflect 


the sensitivity of change in total cost as a result of a 

‘3 See below for the definition of the substitution 
elasticities in the context of the translog cost function. 
'4Lopez (1980), utilizing a generalized Leontief cost 
function in the context of Canadian agriculture reports that 
the null hypotheses of symmetry were rejected at reasonable 
levels of significance. Also see the paper by Berndt, 
Darrough and Diewert (1977), where symmetry tests were 
carried out for several flexible form functions. The 
symmetry restrictions, if valid, reduce considerably the 
number of parameters that have to be estimated. 
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change in the quantity of factor input i when the price of 
factor j changes and all other prices and output are held 
constant.'*Complementarity are indicated by negative values 
of(o;,;). These partial elasticities of substitution (PES) 
are not restricted to any particular values but can vary 
unlike those in the Cobb-Douglas or the CES cost functions, 
where such elasticities are constant a priori. The 
Cobb-Douglas cost function is the special case of the 
translog cost function when all y;; = 0. When all y;; are 
set equal to zero in equation 15 above, the resulting 
elasticity of substitution can be seen to equal unity. 

The own and cross-price elasticities were also derived 


by Binswanger (1974B) as follows: 


Nii = S;o;;, and (16) 


= $),0;;. Ci) 


= 
! 


Note that even though there is symmetry between the 
substitution elasticities, symmetry does not exist between 
cross-price elasticities. 

When separability among input uses occur, the partial 
elasticities of substitution are also affected. The case of 


global separability implies complete independence among all 


'SBinswanger (1974B) derived the above formulas without 
assuming constant returns to scale. Note that the own 
substitution elasticities have no economic meaning but must 
satisfy the constrainst (S,; 0;; = 0), see Binswanger 
(1974B). 
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inputs utilized and the form of the function in this case is 
the Cobb-Douglas function. Weak separability on the other 
hand implies a partial or fixed relationship among input 
use. In both cases the partial elasticities of substitution 


are affected.'* 


2.6 Nonhomotheticity and Homotheticity 

The translog cost function appearing in equation 12 is 
called a nonhomothetic cost function. The nonhomothetic 
translog cost function is the most general of all the 
translog cost functions. By imposing restrictions on the 
Parameters of the nonhomothetic cost function, several 
different cost functions can be generated. The imposition of 
the restrictions is carried out in a sequential order such 
that starting from the most general cost function, more and 
more restrictive cost functions can be generated. Each cost 
function generated in this sequential manner implies 
different production characteristics as outlined below. 
Statistical testing is carried out to select, among the 
various cost functions, the one that most appropriately 
represents the production structure.'’ 

A nonhomothetic cost function implies certain 


structural characteristics of the production structure. 


‘¢Separability issues are discussed in greater details 
below. The separability results presented below can be 
utilized in equation 15 to have an idea of how the 
substitution elasticities will be affected. For more details 
reference can be made to Berndt and Christensen (1973B) 
‘Phe statistical aspects are postponed until the next 
chapter. 
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First a nonhomothetic cost function implies a nonlinear 
expansion path. In other words, the marginal rate of 
technical substitution varies along the expansion path which 
is possible only if the expansion path is nonlinear. The 
ratio of any two cost share equations (expansion path) is 
not independent of the level of output. However, the cost 
share equations by themselves are linear. For the 
nonhomothetic translog cost function, the ratio of two cost 


share equations is given by 


S,/S; = Cy; Tt: DRY pene | ar Vivo Or Wiet) vs 


(yj a By ry; inP, 4 Vy Ly ng Vive Colas (18) 


Equation (18) is clearly nonlinear and depends on the level 
of output as well since, along the expansion path, relative 
prices are held constant. 

The second structural characteristic associated with 
the nonhomothetic cost function is that scale economies are 
not independent of factor prices. This means that firms or 
an industry can be constrained by factor prices in expanding 
their operations (Denny 1974). 

For the translog cost function, the elasticity of total 


cost with respect to output is given by 


OinG Aon Vela Vy etry Ne ey oie De ey yk (19) 


Scale economies (SE) can be defined aS unity minus the cost 
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elasticity, 


SEs = t=. dinC/olny. (20) 


As defined in equation 20, SE is in percentage terms, with 
positive values referring to scale economies and negative 
values referring to scale diseconomies. The SE as defined in 
equation 20, is not independent of the technological change 
parameter and, as a result, cost reductions that may have 
resulted from technological progress over time, cannot be 
separated from cost reductions due to scale economies. Thus 
scale economies obtained from the above relationship have to 
be interpreted with caution. Christensen and Greene (1976) 
have argued that scale economies are, therefore, better 
studied using cross-sectional data, Since in cross-sectional 
data the implicit assumption is that technological change is 
held constant. 

Closely related to the nonhomothetic concept is the 
concept of homotheticity. All homogeneous cost functions are 
homothetic, but not all homothetic cost functions are 
homogeneous. Isoquants corresponding to a homothetic cost 
function are radial blow ups from the origin implying that 
the distance between isoquants changes as the level of 
output increases along the cost minimizing expansion path. 
The linearly homogeneous cost function is characterized by 
isoquants that are equally spaced, (i.e., constant returns 


to scale). Secondly, the ratio of two cost share equations 
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is independent of the level of output in the case of both 
homothetic and homogeneous cost functions. In terms of the 
translog cost function, the homothetic function is obtained 
by setting the coefficients of the input-output price 
parameters, yiy= 0. '® On the other hand, homogeneity 
implies in addition to homotheticity, the restriction that 


Yyy = 0. By Substituting y;,= 0 for all i in equation 18 and 


¥F¥ 0 in equation 19 above, the resulting equations can be 
readily examined.'‘? 

In the literature, a distinction is also made between 
weak and strong homotheticity. Weak homotheticity refers to 
the case when changes in output affect the demand for factor 
inputs in a proportional way. In other words, weak 
independence is said to exist between input demand and the 
level of output. The case of strong homotheticity occurs 
when changes in the level of output have no effect on the 
demand for inputs (i.e., a strong independence is said to 
exist between input demand and output). These restrictions 
are nonlinear in nature and are difficult to impose in the 
nonhomothetic cost function. 

The weak homotheticity assumption implies that 
nonlinear ‘restrictions “yj, v=ty 706, hontallar;cand Syciséan 


'8Por more details see Silberberg (1978), Denny (1974) Denny 
and May (1978), Christensen and Greene (1976) and Nadiri 
(1982). Notice that in the nonhomothetic case we have Ljyiy= 
0 whereas in the homothetic case yi, = 0, for all 1. 

‘?A homogeneous cost function must not be confused with a 
cost function that is linearly homogeneous in input prices. 
All cost functions are linearly homogeneous in input prices, 
but not necessarily homogeneous. 


RS 


rod i en ee sume Nev tavat ans hi 


ait Fo: Bated 27 Bank: dale’ Sassaegcrad bint 


patiieide Ae nOlcowy: 2% sadheaa cat he Lad eee 
satna juasdo-loua0) aa Gnioitsaes Age 
fe Mereaanor wt seo eet no. Fe Ore oe 


iy Saeeeiteaad ch aor ape rt 


an. bd ae FL > 
oe Ar AOL OMI I gic. wey p ry \ afi ni? -SeRoe qa Re + 


ota enol seeps PACgi ues. gaa) “avodes "O20 Se ay O° 4 
. ote 
dieweod aon gels |: enig oeegate seul pe peres eng 


AD » ie e432 Lt j Seng i sow «ta: > Rear J Ont a snowga k 


$oeos? vc} SoBRSEOSAH s2E1D Be) BaeyO he supra: eae 
4 gf - : : 
tke LeBow 246 Bi) Mew banal) er eage & i J 
; he 
giv Dad prenad frant cadvssde delete $+ ot a a0 ee 


250 9270 a 50° GaN S Loy lon i lh _ +p S800 7) gaa \e 
sho fa aoe" ad eas wort rieiSad ah 5 ee} ni | 


LA Wa ae 
62.50ise =: ashshasqsent QnoIze. B. 2 Jenga bts 
snd 146 eg ea ee het ats come 
SAS At, SoOQMyL ‘Ca tsushdane, pass Gry sen es vette 

ty at pasetons 3 je08 aig 


Wet oka ne owen sa 


+ avidin eet tqw anid 
vb bite vat fee! ag at me Wn grein Hae a 


28 


unknown constant.?° The strong homotheticity assumption 
implies the restriction that all y;, = 0.2! Production 
functions homogeneous of degree one are characterized by 
isoquants that are equally spaced (i.e., constant returns to 
scale) in the input space. 

The other nested models within the nonhomothetic 
translog model can be obtained by imposing further 
restrictions on the parameters of equation 12. A 
nonhomothetic translog cost function that exhibits unitary 
elasticity of substitution among inputs requires setting all 
yi;= 0. This same restriction when imposed on the homothetic 
function yields a homothetic unitary elasticity of 
substitution production function. The Cobb-Douglas cost 
function is obtained finally when all second order 


parameters are set to zero on the homogeneous cost function. 


2.7 Separability 
Separability is an important concept in the study of 
production structures. Separability is a structural property 


in production and allows the specification of a production 
2°The translog function is an approximation to an unknown 
twice differentiable technology. The paramaters of the 
translog function are derivatives in the Taylor's series 
expansion of the general function evaluated at a particular 
point, which in the case of the translog cost function are 
at 0 for all variables. See Berndt and Christensen (1973A, 
1973B), Denny and Fuss (1977) and Binswanger (1974B) for 
details. 

21In the literature the test for weak and strong 
homotheticity is seldom conducted. See for example, the 
papers by Lopez (1980) and Denny and May (1978) among a few. 
Taher (1983), however, conducted the tests for both weak and 
strong homotheticity. In this thesis, these tests are 
carried out and are reported in Chapter 5. 
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process in terms of subsets of the total set of inputs. In 
terms of the cost function, separability among inputs allows 
the specification of a cost function in terms of subcost 
functions, and each subcost function can be either linear or 
quadratic.?* Separability further imposes restrictions on 
the possible substitutability among factor inputs. 

Separability is of direct economic interest, 

implying uniform or invariant behavior of certain 

economic quantities, and allowing decentralization 

in decision making. It is also of critical interest 

in the specification of functional forms. (McFadden 

AO TS): & 

If separability holds, then inputs can be partitioned 
into subgroups so that some form of independence among the 
uses of inputs in each subgroups exists. Depending upon the 
type of independence among input usage, each subgroup can 
have one or more further subgroups within it and inputs 
purchased within each subgroup can be written as a function 
of group expenditure and prices. An important implication 
resulting from separability arises. Separability among 
inputs imposes restrictions on the elasticity of 
Substitution and, since detailed expenditure on inputs can 
be related to group expenditure and prices alone, 
econometric estimation can be conducted from smaller numbers 
of variables to analyse aggregate expenditure. 

In the literature, three forms of separabilty concepts 
exist; namely, global, weak, and strong separability. When 
inputs used in a production process are entirely independent 


22See Denny and Fuss (1977) for details on this issue. Also 
see Berndt and Christensen (1973A, 1973B). 
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of each other, global separability among inputs is said to 
exist. Stated differently, global separability testing is 
equivalent to testing the null hypothesis of a Cobb-Douglas 
functional specification as appropriate against the 
alternative hypothesis that it is not appropriate. The 
relation between input usage could also be weak or 
strong.*°Weak independence implies that input use in one 
subgroup would be related to input use in another subgroup 
only in a fixed manner. Thus the marginal rate of technical 
substitution between two inputs in a subgroup is weakly 
independent of input use in another subgroup. In the case of 
strong separability, not all inputs will exhibit a strong 
independent relationship with each other, whereas in the 
case of global separabilty, all inputs will exhibit a strong 
independent relationship between each other. 

When separability of material inputs exist a very 
general cost function of the type C = C(P;,,Y), can be 


written as 


23Berndt and Christensen (1973A, 1973B) use the terms linear 
and nonlinear separability restriction. Denny and Fuss 
(1977) use the terms weak and strong separability 
restrictions. Fuss and Denny (1977) show that when the 
translog function is considered to be an approximate 
representation of a twice differentiable unknown technology, 
the separability restictions developed by Berndt and 
Christensen (1973B) are too severe. They develop the 
necessary restrictions in the case where the translog 
function is assumed to be an approximation to an unknown 
technology. In this thesis the translog function is assumed 
to be an approximation to a twice differential unknown 
production technology. See the above articles for more 


details. 
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CacClUlC (Pr tba 7  bOr =a Keandnws G23) 


and the cost function is weakly separable in P,,. The sSubcost 
function Cm consists of materials inputs, and the other 
input prices are not arguments of the subcost function. By 
applying Shephards lemma to this separable cost function, 


the material input demand function is obtained, 


Kee= .0C/OP,, = (6C/0C.,) (8C.,7 @Per (22 


The effect of a change in the prices of L, K, W on the 
demand for material is obtained by partially differentiating 
Xm With respect to the respective input prices. AS an 
illustration, consider the effect of a change in the price 


Otacapital, 


OXm/ OP, = O27 (OEF,. OP,) 
faced /aGaved?*CusdG. ear ene s 
fn (ee/aPe)nto?¢, Ff AeeP,, abe)3 (23) 


The subcost function C,(Pm) does not contain the price 
of capital as an argument and hence the derivative 07Cm/i{dPm 
dP,} = 0, and as a result the effect of a change in the 


price of input i (for i= L,K and W) on the demand for 


material is generally given 
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by 


OX, /0P = arc / (OP,,.0P; ) 


eV ULOGE/ Om) / (87C- / oCror iy) < (24) 


The interpretation of equation 24 is as follows. The 
effect of a change in the price of labor on cost can be 
decomposed into two products when weak separability between 
material and labor exists. There is a first round effect, 
namely, when the price of labor increases the relative price 
of material decreases which allows producers to demand more 
material relative to labor. This effect, when more materials 
are demanded, results in a change in the subcost function 
and is captured by 0C,,/0Pm. The second round effect is then 
transmitted to total cost and is captured by the second 
term, which can be interpreted in the following manner. The 
change in the price of labor affects not only the subcost 
function as illustrated above, but also the quantity of 
labor demanded which further affects total cost. The price 
of other inputs and output are held constant. Other cases of 
weak separability can be derived in a similar manner. 

The case of strong separability implies total 
independence between material and other inputs utilized and 
hence the changes in the price of other inputs have no 


effect on the demand for material. Thus, 
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OXn/OPy =l076/7{ OP, OP) se Oeforsi= L,K,W. (25) 


When the cross-product terms of particular input 
coefficients are all zero the corresponding input is said to 
be strongly separable. Only a fixed relationship exists 
between the input that is strongly separable and all other 
inputs. 

In terms of the translog cost function, the global, 
weak and strong separability conditions illustrated above 
can be indentified by imposing certain restrictions on the 
first and second order derivatives of the translog cost 
function.?* The derivatives of the general cost function can 
be identified with the paramaters of the translog cost 
function. When these derivatives are identified with 
translog cost function parameters, the resulting weak and 


strong separability restrictions are respectively, 


Yi; =Y¥1 Py, and yi; =0, (26) 


where in equation (26) pj; is an unknown constant.’® 


24The details are contained in Berndt and Christensen, 
(1973A, 1973B), Denny and Fuss (1977). 

25In estimation the weak separability restrictions have to 
be manipulated to get rid of the unknown term p. More on 
this is taken up in chapter 3 while discussing the Wald test 
stappst ice 
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2.8 Analysis Of Technical Change Bias 

Technical change arises from the recognition that the 
set of all known production techniques may change over time. 
Technical change in the neoclassical production framework is 
represented by an inward shift of the isoquants when both 
inputs and output are held constant. This inward shift of 
isoquants may arise due to technical change in one or more 
inputs made possible through research and developement, 
cumulative experience, better management, or simply, the 
passage of time. 

In the nonhomothetic translog cost function, the time 
variable, t, is used as a proxy for technical change. There 
are several definitions of technical change that can be 
found in the literature.?* The most widely used definition 
is the Hicksian concept of technical change. This concept is 
utilized in this study as well. 

Technical changes are Hick's neutral (all yj, =0) if 
the marginal rate of technical substitution between two 
inputs remains constant at increasing levels of output. This 
neutrality implies that the marginal rate of technical 
Substitution does not change over time, even though output 
may increase. Likewise technical change is said to be factor 
i saving if the marginal rate of technical substitution of 
input i for j shows a decline over time. A major drawback of 
the Hicksian definition of technical change is that it can 
be measured for only (n-1) factors because technical change 


26See Nadiri (1970) for elaborate discussions on technical 
change and various definitions. 
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is defined in terms of factor ratios and one input acts as a 
numeraire. The suggestion has been made by Binswanger 
(1974A, 1974B) that technical change be defined in terms of 
factor shares rather than factor proportions. This 
Suggestion can be readily translated in terms of the 
translog cost function. Shephard's lemma applied to the 


translog cost function generates the cost share equations S, 


Sen ey Oe | Sip eet Yh iy LUNs lhee meres ote (27) 


Technical change is said to be factor i using, neutral 


Or Saving, depending upon whether 


OS, /0t0 = yf oO; 
oS /ot.= 7 peter, Or (28) 


dS; /dt 
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2.9 Functional Form Selection 

Christensen, Jorgenson and Lau introduced the translog 
function in 1973 and Diewert introduced the generalized 
Leontief function in 1971. Since then several other flexible 
form functions have been introduced in the literature. Among 
all the flexible form functions, the translog has had the 
widest application. 

Berndt, Darrough, and Diewert (1977) undertook a study 


of some of the flexible form functions and observed the 
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following features. 

1. On theoretical grounds there were no reasons to 
discriminate between the translog, generalized Leontief and 
the generalized Cobb-Douglas. All three functions 

provide a second order differential approximation to 
an arbitrary twice continiously differentiable 
reciprocal indirect utility function which is 
linearly homogeneous along the ray of equal prices 
(Berndt, Darrough and Diewert 1977, p. 661). 

2. On econometric grounds too, no reasons a priori 
could be found to select one form over the others, since 
each form involves the same independent variables and the 
Same dependent variables and hence similar likelihood 
functions. 

3. Given that the functions are non-nested, classical 
test procedures cannot be utilized to discriminate among the 
flexible forms. 

The authors then conclude that selection is best made 
on a posteriori grounds by examining the parameters 
estimated on the basis of a priori expectations. The 
translog was thought to perform best given the data set 
employed. Yet in another paper, Appelbaum (1979) utilized a 
Box-Cox transformation function to generate flexible form 
functions and applied parametric tests to discriminate among 
the generalized, square-rooted quadratic and translog 
functions. U.S. aggregate data of the manufacturing sector 
utilized earlier by Berndt and Christensen (1973A) were 


employed. The results indicated the translog to be the least 


preferred. 
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Guilkey and Lovell (1980), utilizing Monte Carlo 
experiments, report that the translog models were able to 
represent complex production technologies reasonably well. 
Second single equation models were found to perform 
marginally better at lower computing costs than the system 
of equations as in the translog case. 

The present study nevertheless utilizes the translog 
model for several reasons. As Guilkey and Lovell (1980) 
point out, the translog model represents complex production 
technologies reasonably well. Furthermore, by imposing 
restrictions on the parameters of the translog model, a 
variety of simpler production technologies can be generated. 
Since no systematic analysis of the production structure of 
the sawmills in Alberta has yet been done, the use of the 
translog model does provide a good starting point. 
Sequential hypothesis tests follow in order to select the 
translog model that most appropriately represents the 


production structure. 
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3. ESTIMATION TECHNIQUE AND RELATED ISSUES 


3.1 Introduction 

Several econometric issues are involved in estimating 
the translog cost function parameters and conducting various 
statistical tests in order to select the translog cost 
function that most appropiately represents the production 
Structure of the sawmills in Alberta. 

Since there are a large number of models nested within 
the nonhomothetic model, the most general case, an efficient 
method for model selection that avoids estimation of all 
models is desirable. The concept of ordered sequential 
hypotheses testing of nested models is used and provides an 
efficient method of accomplishing this task. Several test 


statistics used are used to test appropriate hypotheses. 


3.2 Estimation Technique 

The estimation technique is carried out in a sequential 
order starting from the nonhomothetic cost function. Since 
the estimation technique involved is the same for all 
translog functions which are members of the nonhomothetic 


model, the discussion below is confined to the nonhomothetic 


model only. 
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For estimation purposes the nonhomothetic model is 


rewritten in its stochastic form as 


InGgS= voutky, LnVoent- yi totolaygine wert 
(1/2) CLG jy) olnPug ines. oteZiy)yalnPy.lnyeot 
‘PP inYereuwerty  LbnPpete sel 172)<74 ot 14 
C1f2d 2 “hbay) a4 civas (29) 


Fortall oF) eath, WkpewerM, 


In equation (29), U, is the disturbance term. Firms may 
not always be in a poSition to minimize costs due to 
fluctuations in input prices, labor and other inputs 
contracts, technical innovations and other such factors. 
Factor usage, however, may be assumed to tend towards 
optimal combinations (i.e., cost minimizing input bundles) 
over time. Such deviations away from the cost minimizing 
expansion path are assumed to be captured by the random 
disturbance term, U,. 

Ordinary least squares (OLS) can be utilized to 
estimate the parameters of the stochastic translog model. If 
heteroscadasticity or autocorrelation are present, the 
appropriate transformations can be made and generalized 
least squares (GLS) can be utilized to estimate the 


Parameters.?’ Neither of these approaches, however, may 


27See the paper by Rockel and Buongiorno (1982) where 
ordinary least squares was applied to estimate the translog 
functions. The authors had to use the OLS because input cost 


share data were missing. 
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prove to be very efficient for a number of reasons. First, 
multicollinearity among the cross-product of prices cannot 
be ruled out and this problem of multicollinearity is likely 
to increase as the number of cross product terms increases. 
The adding up restrictions permit specification of most of 
the independent arguments in the cost function in terms of 
relative prices and help mitigate multicollinearity toa 
certain extent. However, multicollinearity cannot be avoided 
entirely (Madalla, 1977). Nevertheless, certain diagnostic 
tests can be conducted to test the severity of the problem. 

Second, when ordinary or generalized least squares 
techniques are used, the information contained in the share 
equations is not being utilized. By not using the share 
equations the model is constrained to only the information 
contained in the cost function. Also, the degrees of freedom 
are reduced when share equations are not jointly utilized to 
estimate the parameters of the cost function (Christensen 
and Greene, 1976). A more desirable and efficient approach 
is one in which the cost function, along with the factor 
share equations are estimated jointly as a multivariate 
equation system. 

The four cost share equations corresponding to the 
nonhomothetic cost model can be written compactly in 


stochastic forms as 
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The observed cost share equations (for all i= L, M, W, 


K) are assumed to be distributed stochastically along the 


cost minimizing expansion path. A change in input prices 


causes cost shares as well as total cost to change and 


consequently the disturbance terms in all the equations are 


affected. Stated differently, unsuccessful cost minimizing 


efforts which cause firms to deviate from the optimal input 


mixes are assumed to be captured by the disturbance terms. 


An implicit assumption made while deriving the cost 


share equations from the cost function is that, in each 


period, there is a complete adjustment in input usage after 


an external price shock and no lagged adjustment in input 


usage occurs. Despite the implausibility of this assumption 


and as far as the author is aware, present estimation 


techniques do not permit utilization of the lagged 


adjustment process in the multivariate system of equations. 


The above properties of the disturbance terms are 


generally assumed to be as follows: 


1. 


The mean value of the disturbances is zero, 


BCU, P= n0¢ (31) 


The disturbances are assumed to have a finite variance, 


which however, is different for each equation, 
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3. Since the disturbance terms across a set of equations 
are correlated, the covariances between these 
disturbances are nonzero but the lagged covariances are 


zero 


E(Ui< U'y¢) = 0) | I. 33) 


where in the above, E is an expectations operator, U;, 
is the column vector of the disturbances, o;; are the 
variances, o0;,; are the covariances, and I is an identity 
matrix.?* 

The system of equations that exhibits the zero mean and 
non-zero variance covariances of the disturbance term was 
first discussed by Zellner (1962). He called it the 
seemingly unrelated system of equations. The method that was 
proposed by Zellner was to estimate the parameters of this 
system by deleting one share equation and then applying the 
GLS approach. One equation has to be deleted in order to 
avoid the linear dependency that exists in the system due to 
the adding up condition. However, this technique is 
sensitive to which cost share equation is deleted and hence 
several alternative parameter estimates can be obtained. 
Kmenta and Gilbert (1968) have shown that if an iterative 
technique is adopted with the convergence being set at a 
desirable level of accuracy (usually 1 percent), the 


28uere the o's refer to variances and should not be confused 
with the o's used earlier to define substitution 
elasticities. 
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Parameter estimates are insensitive to the cost share 
equation deleted. Second, when convergence is achieved, the 
Parameter estimates are equivalent to the maximum likelihood 
estimates. This iterative technique is utilized to estimate 
the parameters of the model by deleting one cost share 
equation and setting the convergence criterion to one 
percent. Thus, deletion of one cost share equation takes 
into account the linear dependency problem and the iterative 
technique with the one percent convergence criterion results 
in estimates that are consistent and asymptotically 
unbiased.?? 

In the literature font authors have estimated the 
system of cost share equations alone. When the maintained 
hypothesis is other than that of nonhomotheticity, no loss 
results from estimating the share equations alone. However, 
if the maintained hypothesis is one of nonhomotheticity, 
then estimating the share equations alone, as argued by 
Christensen and Greene (1976), is unsatisfactory since the 
scale parameters yi, and yyy, which appear only in the cost 
equation, cannot be estimated when share equations alone are 
estimated. In this study, the entire system is utilized to 


estimate the paramaters and to conduct the hypotheses tests. 


2°For more details on the seemingly unrelated system see 
Zellner (1962), Kmenta and Gilbert (1968), Kmenta (1971) and 
Taher (1983). The LSQ (non-linear least squares) available 
in Time Series Package (TSP) was utilized to estimate the 


parameters of the model. 
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3.3 Ordered Sequential Hypothesis Testing Of Nested Models 

The purpose of this section is to explain the concept 
of nested models and the manner in which ordered sequential 
hypotheses tests are carried out.*° The nonhomothetic 
translog cost function with homogeneity in input price?' and 
with imposed symmetry restrictions represents the most 
unrestricted model which incorporates a fairly complex 
production technology. It is the maintained hypothesis in 
this thesis. All the other models (discussed in chapter 2) 
are deemed to be generated by imposing various restrictions 
on the nonhomothetic production technology in an ordered 
sequential manner. Hence all the translog restricted models 
are said to be nested within the nonhomothetic model. 

The procedure to carry out the sequential hypotheses 
test when models are nested, aS in the present case, can be 
explained as follows. The testing can be carried out in 
increasing or decreasing order of restrictiveness. For 
example, if one starts out by estimating the nonhomothetic 
model and then imposes the homothetic restriction and 
continues to increase the order of restrictiveness, the 
sequential order of restrictiveness is said to be of an 
increasing order. On the other hand, if the method followed 
is one where restrictions are sequentially removed, the case 
of decreasing order of restrictiveness results. One 
advantage of the latter approach is that the parameter 


3° detailed discussion of this procedure can be found in 


Mizon (1978) and Harvey (1981). 
2'This restriction is the direct result of production 


theory. 
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estimates from the restricted model can be utilized as 
Starting values of lower ordered models that follow and 
hence computing costs are likely to be minimized. 

The sequential order of hypotheses tests depends upon 
whether one starts out to estimate the most restricted model 
(Cobb-Douglas) or the most unrestricted model. Preliminary 
results have indicated that the model characterizing the 
Sawmills in Alberta is more of the unrestrictive type and as 
a result the analysis commences by estimating the 
nonhomothetic model first. The hypotheses tests are carried 
out in increasing order of restrictiveness. The sequential 
hypotheses testing is then carried out by formulating a 
sequence of hypotheses in increasing order of 
restrictiveness. 

Testing is conducted between a hypothesis and the one 
immediately preceeding it. For example, if the null 
hypothesis is that of nonhomotheticity which is tested 
against the alternative hypothesis of weak homotheticity and 
if the null hypothesis is rejected, the next hypothesis test 
is between weak homotheticity (maintained hypothesis now) 
and strong homotheticity. The hypothesis test is stopped 
whenever, between hypothesis H; and H;.,, hypothesis H,,,; is 
rejected. For example assume that the null hypothesis H;,, is 
the production structure characterized by the nonhomothetic 
translog cost function. This hypothesis is then tested 
against the alternative hypothesis of homotheticity (Hj.1). 


If the test reveals that the null hypothesis cannot be 
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rejected then the testing procedure should no longer be 
continued. The nonhomothetic translog cost function is then 
accepted as the model that most appropriately represents the 
structure of production under investigation. 

How a variety of models can be generated by imposing 
restrictions in a sequential manner on the nonhomothetic 


translog model can be illustrated below. 


Models Restrictions 
Nonhomothetic All parameters are 
estimated 
Nonhomothetic Strong Input Set y;; one at a time 
Separability =0 
Homothetic Set all yi, =0 
Nonhomothetic Hicks Neutral Set all y;, =0 
Homogeneous Setr alley, 9 tandiyy, 720 


Homothetic and Strong Separability seteallityiy 0, end: yj 
one at atime =0 


Homogeneous Strong Separabilty Ssetrally;,, =0 and y;, 
one at atime =0 and yyy 
=0 

Homothetic Hicks Neutral Set all yiyoand y;4° =0 

Homogeneous Hicks Neutral Seto yy) eanosall 74. ane 
Vay =0 

Nonhomo. and Unitary Elast. of Set all y;,; =0 

Subs. 

Homoth. and Unitary Blast. of Subs. Set all y;; and y;, =0 

Homog. and Unitary Elast. of Subs. Set all y;; and y;, =0 
and yy, = 

Cobb Douglas Setoyyy7eyanpaane all 
Viv y ean yey 0 


A variety of other models can be generated in a sequential 
manner before the Cobb-Douglas model. Also note that weak 
separabilty and homotheticity tests are conducted after a 


relevant model is estimated. 
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3.4 Test Statistics 

There are several different models nested within the 
nonhomothetic translog model as illustrated above and one 
model has to be selected statistically from the entire 
group. This section outlines two test statistics that are 
generally employed to carry out model selection. 

The set of models generated from the nonhomothetic 
model involves some form of restriction(s) on the 
nonhomothetic model. Some of the restrictions were also seen 
to be nonlinear. More specifically the weak separabilty 
assumption involved at least one nonlinear restriction on 
the general model. The choice of the test statistic depends 
on whether restrictions are linear or nonlinear besides 
other criteria. Quite often, imposing nonlinear restrictions 
makes estimation difficult or, if possible, at costs that 
may not be insignificant. The likelihood ratio and the Wald 
test have been selected to carry out hypothesis tests in 
this study. 

The likelihood ratio test is based on the maximum 
likelihood estimation. The likelihood function is a formula 
corresponding to the joint probability distribution of the 
variables of interest where the variables are assumed to be 
fixed but the paramaters are allowed to vary. Maximizing 
this function with respect to the unknown parameters gives 


the maximum likelihood estimates. °’ 


326ee@ Kmenta (1971) and Harvey (1981) for more details. 
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The likelihood ratio test involves the likelihood 
values of an unrestricted (LV) and restricted (LVN) 
functions. In other words if the null hypothesis (H,) is 
true, the likelihood value of the unrestricted model is 
expected to be large relative to the likelihood value of the 
restricted model. The likelihood ratio LR, given g degrees 
of freedom, has x?(g) distribution and in logarithms is 


defined as follows; 


ERe= 2(10geLV— Log LVN ) ~ x40g)e (34) 


The use of the likelihood ratio test requires the 
estimation of the restricted as well as the unrestricted 
models. Quite often the restricted models are difficult to 
estimate, especially when the restrictions imposed are 
nonlinear. The Wald test comes in handy in such a Situation 
and requires estimation of only the unrestricted model. 

The application of the Wald test involves a criterion 
to see how far the nonlinear restriction is away from zero. 
For example, when the material input is weakly separable 


from all the other inputs, the restriction is 


(35) 


where p, is an unknown constant. Now, if the nonlinear 


restriction in equation 35 is valid, the difference between 


a> aittessevol ‘oa (prs 


hoadhifoxtt -ey: aay foun 
rT? Shi PIeee 
(aeh'sraeteadyri TIM es fico sited 
tebom -Se1si'sise30e bie <chomaai Rpviar:| 


, “tert od! 


a4 Me npeg rss) eltae a ce 


— 
s-si1rehcom” See es Ow 2S Sciam APR Be: ae 
eI : 


‘ Pit y, = 
su y Sas dae ne Vuh 1g 


as modd 7 n¥s at Tor Tas a 


ssn ela! 


54 kes gan ke 2Qo8 Pues Se 


COR Be SIRS ae oo Ces ae pats 3 
eee) At Le TL is 
S27). = Seiorns, seo See 


Bibi q saa ‘ 


oh "7 
vi 


ldateaes Sd ot sou + ibe aivaarun iy. 


at fet states 


49 


the left and right values should be very close to zero. The 
null hypothesis that the restriction is valid cannot be 
rejected. Thus, when the difference gets larger, the 
nonlinear restriction has a greater chance of being 
rejected. °: 

The possibility exists that two or more functions can 
give rise to values for which the nonlinear restrictions are 
equal. In such a case, information on the curvature of the 
functions become important. The information on the curvature 
provides an indication as to which of the two functions is 
moving away faster from the value implied by the nonlinear 
restrictions. The information on the curvature is then 
utilized as weights on the Wald statistics. However, (pm) is 
an unknown constant and is eliminated from the above 
equations (35) in the following manner. When material input 
1s weakly separable from labor and wood, the weak 
separability restrictions (presented above in Chapter 2) ** 


for i= L and j = W, are, 


Yims - Yi Pm and Yim = Y) Pm «= (36) 


Taking the ratio of the above two equations, Pm is 


eliminated and the following equation is obtained 


>3For greater exposition on the Wald and the likelihood 
tests see Buse (1982) and Harvey (1981). 

>4Because one share equation has to be deleted, namely the 
Capital share equation, the coefficients of the capital 
variable are derived residually. Hence in the case of weak 
separability there is only one independent restriction. 
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Viens Yom = Yi/SYj OF YimYj ~ YjmYi = 0. (37) 


Equation 37 is the required restriction which has to be 
imposed in the nonhomothetic model to test for weak 
separability between material and all other inputs. The 
information on the curvature is now obtained from equation 
37 by taking the partial derivative of the function with 
respect to all the parameters of the nonhomothetic or any 
pertinent function. Representing the vector of the partial 
derivatives as {dR/dA}, the Wald statistics (W) in the above 


case of weak separability can be written as in equation 38. 


Wee (yimyj~Yimts)" {(OR/2A) Eo" (@R/VA) "> 


Vimyva a ¥jave? - x(¢@)% (38) 


The Wald statistic has a x? distribution with degrees of 
freedom equal to the number of independent restrictions (g). 
In equation (38) £ is the variance-covariance matrix of the 


coefficients of the unrestricted function. 


3.5 Hypothesis Tests 

The nonhomothetic translog model is the maintained 
hypothesis which is tested against several alternative 
hypotheses. The alternative hypotheses are generated ina 
sequential manner by imposing restrictions or itesting for 
the validity of restrictions on the nonhomothetic model. The 


restrictions are imposed in an ascending order of 
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restrictiveness. 

The test for weak homotheticity implies two independent 
nonlinear restrictions and the Wald test is utilized to test 
the validity of the nonlinear restrictions. Only the 
nonhomothetic model needs be estimated to test the weak 
homotheticity hypothesis. Following weak homotheticity 
tests, Hicks neutral technical change hypothesis is tested. 
This hypothesis on technical change contains three 
independent restrictions. Finally, the test for homogeneity 
contains four independent restrictions and this hypothesis 
is tested against the nonhomothetic hypothesis. The weak 
separability hypothesis does not require estimating any new 
equations and can be conducted from the nonhomothetic model 
as well. The log likelihood ratio test is utilized to test 
between nonhomotheticity, Hicksian neutral technical change, 
homotheticity and homogeneity. 

The above tests constitute the first round of tests. In 
the event all of the models except the homogeneous one 
cannot be rejected, more restrictive models have to be 
generated until the H,; hypothesis cannot be rejected against 
the H;., hypothesis, given that the latter hypothesis is 
more restrictive. In other words the test procedure is 
abandoned when the maintained null hypothesis in a given 
round of tests cannot be rejected against the alternative 


hypothesis (Mizon (1978) and Harvey (1981)). 
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4. DIVISIA INDEXING PROCEDURE, DATA REQUIREMENTS, 


CONSTRUCTION AND DISCUSSION 


4.1 Introduction 

This chapter discusses the data set and the 
transformation of the raw data used to estimate the translog 
cost function models for Alberta sawmills. The second 
section outlines the Divisia indexing procedure. Also 
narrated are reasons for selection of this procedure and how 
the Divisia index is compatible with the translog functions. 

The period of this study covers 23 years, starting in 
1959, The definition of the unit of observation from which 
information on sawmills is collected by Statistics Canada 
was changed in 1962. In section three, Chow test is 
conducted to see whether any significant differences in 
input uSage or expenditure on inputs can be discerned before 
and after the above noted change.** Finally, the last 
section contains discussions on the data set utilized for 
this study. In Chapter 7, cross-sectional data are utilized 
to study the scale economies in the sawmilling industry. 
Since Ondro and Williamson (1982) have documented the cross 
sectional data in detail, only a brief summary of the 


important points of the data are presented in Chapter 7. 


25The main reason for conducting this test is to be able to 
increase the sample size beyond 20 observations, given that 
the translog cost function contains 21 independent 


parameters. See chapter 3. 
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4.2 The Divisia Indexing Procedure 

In order to estimate the translog cost function 
specified in chapter 2, input price indexes corresponding to 
the inputs of labor, capital, wood and materials are 
required. 


The discrete Divisia price and quantity indexes can be 


defined respectively as follows: 


lnP, Be LnPsn <= ZiWi ¢ (Iinpi i. gt ogepeee ey te (39) 


enQe ari nder4 Byes Glngperscing pase. (40) 


where W;, = (1/2) (Si+tSit-1) are time varying weights, S, 
are the cost shares, P and Q denote price and quantity 
indexes and the p;;'sS and gq;;,'S are the prices and the 
quantities of the inputs. The discrete approximation to this 
Divisia index is also called the Tornqvist index.** The 
above discrete index has been adopted to derive the required 
input price indexes for this study. 

There are several reasons for selecting the Divisia 
indexing procedure over say, the more commonly used 


Laspeyres indexing procedure. 


26Por details on the Divisia index see Allen (1975) and 
Diewert (1976). 
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Consider the Laspeyres price index (LPI) defined as; 


LPI= 2, {Woi(qii/Go1)/ ZWo;} 


XZ piredio (pi+e/ Pio kenge Piodio 
Z Pitdio/ Z Piodio (41) 


The weights used are the fixed base period weights which are 
base period cost shares. The index gives the change in input 
prices for period one as compared to period zero. The 
Laspeyres index is eaSy to compute. However, certain 
problems exist with this procedure. First, the same base 
period weights are used in all periods which implies that a 
producer is restricted to the original expenditure pattern 
when base period cost shares are used as weights (pjoqio). 
In other words, no substitution among inputs is assumed in 
the Laspeyres index.*’ Second, since index numbers are 
related to production or cost functions [See Diewert, (1976) 
for an extenSive treatment on the issue], linear production 
or cost functions are implicitly assumed when Laspeyres 
indexing procedure is adopted.** No substitution, or perfect 
substitution, among inputs is a very restrictive assumption 
as has already been discussed in Chapter 2. As a reSult, the 
Laspeyres indexing procedure does not appear to be 


appropriate for the present purpose. 


27For more details see Allen (1982) and Berndt C1978). 
2*Christensen (1975), and Berndt (1977) discuss these issues 


at greater length. 
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The discrete Divisia indexing procedure is preferred. 
The weights utilized in the Divisia index are flexible 
weights [see (W,,) in the discrete Divisia index above]. The 
discrete Divisia index gives changes in total cost following 
changes in input prices from one period to another. Stated 
differently, producers are not restricted to the same 
expenditure pattern as implied in the Laspeyres price index 
but are allowed to vary the expenditures depending on how 
prices have changed [see Berndt (1977), Diewert (1976) and 
Allen (1975)]. Given prices, changes in expenditure implies 
producers can substitute less expensive inputs for the 
inputs whose prices have increased. Thus no a priori 
restrictions on the possibilities of input substitution are 
implied in the Divisia index. 

Second, Diewert (1976) has demonstrated that the 
Divisia index corresponds to the translog cost function. 
This means, that since the translog functions are flexible 
form functions where no a priori restrictions are placed on 
the partial elasticities of substitution, utilization of the 
Divisia index is perfectly compatible with the translog 
function when aggregation of various inputs has to be done. 
As a matter of fact, Diewert (1976) has proven that the 
Divisia index represents exactly the linearly homogenous 


translog functions. °*’ 


Thirdly, an index number should have an economic 


2>°Also see Denny (1979) for a similiar demonstration in the 
case of the Tornqvist index. 
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meaning.*° Berndt (1977) provides an economic interpretation 
of the Divisia index in the context of energy aggregation as 


follows: 


The percentage (logarithmic) change in the aggregate 
energy quantity index is a weighted average of the 
percentage (logarithmic) quantity changes of the 
component energy-types, where the weights are the 
time-varying 'chained' mean expenditures or cost 
shares ( p. 247). 

In an economy where prices are continuously changing 
and inputs are constantly being substituted due to exogenous 
price shocks, the appropriateness of the Divisia index is 
readily justifiable. The Divisia index is utilized where 


ever necessary in this study. 


4.3 The Chow Test 

The data set utilized in this study comes from various 
Statistics Canada sources.‘*'The period covered in the study 
is from 1959 to 1981, 23 years. There is, however, a problem 
involved in using the sample data directly prior to 1962. 

Prior to 1962, Statistics Canada's unit of observation, 
from which information on the sawmills was collected was 
referred to as 'sawmills reporting' and since 1962 as 
'establishment'. The difference between these units can be 
explained as follows. Prior to 1962, if a sawmill was 
engaged in other production activities besides sawmilling, 


information under sawmills included only the latter aspects. 


*°See for example, Allen (1975), Christensen (1975) and 
Berndt (1977) for more discussion on this matter. 

+1 Whenever catalogue is mentioned, reference 1s being made 
to Statistics Canada catalogues unless otherwise stated. 
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After 1962, so long as the major activity was Sawmilling, 
all other acivities, if any, were reported under sawmills. 
In the case of sawmills ‘other production activities' 
besides sawmilling is unlikely. However, if any major 
differences (statistical) exist between the two observation 
units, these differences would be expected to be reflected 
in input uSages or expenditures on inputs over the two 
samples. For example, if wood input was utilized by the 
sawmills for purposes other than lumber before 1962, then a 
difference in the nature of wood use would be expected 
between the two periods. This same argument would apply to 
the use of other inputs as well. Similar arguments would 
also apply in the case of expenditures on inputs. 

Several important variables that are necessary to 
obtain the price indexes to be utilized in the translog cost 
function were subjected to the Chow test in order to test 
for any statistically significant difference in input usages 
between the two periods, namely, 1959-1961 and 1962-1981. 
The variables selected were expenditures on energy, 
materials and wood as well as the physical quantity of wood 
utilized by the sawmills. Gross capital stock (machinery and 
equipment, building and construction), utilized to calculate 
the rental value of capital services, were also subjected to 
the Chow test. In the case of labor, no Chow test has been 
conducted, since measurement of labor input in the two 


periods is totally different. Details on labor input is 


taken up below. 
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The Chow test is designed to test whether two 
subsamples belong to the same structure or to two different 
structures. If input usage in the two periods are different, 
then according to the Chow test, the regression 
coefficient(s) of the equations pertaining to the two 
subsamples are not the same statistically and the null 
hypothesis that input usage in the two periods is the same 
is rejected. 

Several different models (simple linear, log linear, 
semilogarithmic) were fitted to the data with each of the 
above mentioned variables as the dependent variable (Y) and 
time (t) as the independent variable. In all cases, the 
models with the highest R*'s and significant t-value at or 


over 95 percent were selected and the F statistic, 


Pee (UA/Kouy Ai Rute £8082) /Ko hy (42) 


was calculated. In the above equation U’, U’, and U?, refer 
to the sum of squared residuals of the regression equations 
with all 23 observations (1959-1981), with 20 observations 
(1962-1981) and the 3 observations (1959-1961) respectively. 
K, (21) and Kz (19) are the degrees of freedom. *’ 

In all cases, the calculated F values were less than 
the tabulated values given the relevant degrees of freedom 


at the 95 and 99 levels of significance. Hence the null 


‘2In all cases the simple linear model (Y,=a+ b.T) gave the 
best fits. Most standard text books on econometrics discuss 
Chow test. See for example Koutsoyiannis (1978). 
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hypothesis that input usages or expenditures on inputs in 
the two periods are not different cannot be rejected. This 
test therefore allows the use of data from 1959 to 1961 


along with the rest of the sample. 


4.4 Price Indexes And Cost Shares 


4.4.1 The Price Of Labor 

The data to calculate the price of labor were obtained 
from Statistic Canada (Catalogue number 35-204). This 
catalogue reports on the manhours paid to production workers 
and the corresponding wage bill. The total wage bill 
includes all supplementary benefits received by the 
production workers. The price of labor or the wage rate is 
obtained by dividing the wage bill by the manhours paid. 

The manhours paid data includes overtime work. Since 
wage rates increase more than proportionately as overtime 
work increases, wage rates calculated on the basis of 
manhours paid are likely to be lower than wage rates 
calculated using manhours worked figures. For example, 
consider a wage rate for overtime work is of one and half 
times the normal wage rate. If two hours of overtime work is 
performed in addition to the regular hours, manhours paid is 
equal to three hours plus the normal hours. However, in 
terms of manhours worked it is two plus the normal hours 
worked. AS a result the wage rate calculated on the basis of 


manhours paid can give lower wage rates than wage rates 
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calculated on the basis of manhours worked. However, 
manhours worked data for the Alberta sawmills are not 
available. Therefore manhours paid data are utilized. ‘*? 

Prior to 1962, the number of production workers, 
instead of manhours paid, were reported by Statistics 
Canada. A linear trend line was fitted using 1962-1965 
manhours paid and the wage bill data. Only four observations 
were used because the wage rates showed a sharp increase 
after -1965.** 

Owners, proprietors and clerical staff or other workers 
have been excluded in this study since no information on 
hours paid or hours worked for this group exists. 
Furthermore, the number in this group of workers represents 
a very small fraction of the number of production workers. 
Excluding these workers is assumed not to cause any 
Significant error. The labor cost share, however, is likely 
to be slightly underestimated. 

No attempt has been made to account for the quality 
changes in labor input. Change in the quality of labor input 
is reflected in the change in output levels. An account of 
quality changes in labor input can lead to biases in the 
labor input series if similar quality changes are not made 


in the other inputs. Finally the cost of labor is calculated 


*23Lower wage rates obtained from manhours paid data reflect 
lower compensation to labor and hence is less preferred. A 
trip to Statistics Canada in Ottawa proved futile in | 

attempting to obtain manhours worked data for the sawmills 


in Alberta. 
*4Several different models were fitted and the linear model 


gave the best fit. 
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as the product of the wage rate and manhours paid. The price 
index of labor is calculated using the Divisia indexing 


procedure. 


4.4.2 The Price Of Wood 

Most of the sawmills in Alberta utilize only softwood 
logs to produce lumber output. Some sawmills use hardwood, 
but the volume of hardwood logs utilized as an input is 
insignificant relative to the volume of softwood logs. The 
quantity figures on hardwood are not reported by Statistics 
Canada for a large number of the early years. As a result, 
the price of wood calculated utilizes only expenditures on 
softwood logs and the purchased softwood log volumes. 

Some sawmills have affiliated logging operations and 
sawlogs are transferred from these logging units to the 
Sawmills. The transfer of logs from such units to sawmills 
are reported by Statistics Canada. The total volume of 
sawlogs as an input into the sawmills is therefore an 
aggregate of purchased softwood volumes, softwood 
transferred within logging operations and the hardwood 
volumes reported. The total expenditure on wood input is 
this wood quantity multiplied by the implicit price of wood 


calculated in the manner described above. ** 


*5Wood quantity figures and the expenditure on softwoood 
figures are available in Statistics Canada catalogue 35-204. 
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4.4.3 The Price of Materials 

The material inputs component is an aggregate of energy 
input and a bundle of manufacturing and nonmanufacturing 
inputs. Statistics Canada does not report on the quantities 
of the manufacturing and nonmanufacturing inputs utilized by 
the sawmills. Also energy consumption by the sawmills prior 
to 1975 is not available. 

To calculate the price of material input several steps 
are involved. First, the material inputs are divided into 
energy and others inputs, the latter consisting of 
manufacturing and nonmanufacturing inputs. Within the energy 
input, there are nine energy sub-types, namely, coal and 
coke, natural gas, gasoline, kerosene, diesel oil, light 
fuel oil, heavy fuel oil, liquified petroleum gases and 
electricity purchased. For some years, expenditures on wood 
and steam along with an ‘'others' category are also reported 
by Statistics Canada. 

Aggregate energy consumption data for the sawmills 
across Canada have been utilized to calculate the price of 
each energy sub-type. First all energy quantities are 
converted to BTU units using the conversion factors reported 
in Table 4.1. Secondly, there are differences in the 
efficiency units of each energy sub-type in the production 
of output, with electricity being the most efficient. Thus 
all input BTU's are normalized relative to electricity 
efficiency BTU output units by utilizing the efficiency 


factors also reported in Table 4.1. 
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Table 4.1: Conversion Factors 


Fuel Type Natural Units Input, B.T.0. 
COTE eT Sur bo OuEpUEyE.T.U. 
Conversion Conversion 
Factors Factors 
Electricity 3.412 BTU/MKWH FOO 
Natural Gas 1030 MMBTU/MMc f£ 0.85 
Liquified Petroleum 4.095 MMBTU/Barrel 0.85 
Gas 
Gasoline 5.222 MMBTU/Barrel 0.20 
Heavy Fuel Oil 6.2874 MMBTU/Barrel 0.87 
Light Fuel 5.8275 MMBTU/Barrel 0.82 
Kerosene 5.6770 MMBTU/Barrel 0.82 
Diesel Oil 5.8275 MMBTU/Barrel 0.26 
Coal 24.8 MMBTU/Ton 0.87 


Notes: MMBTU= Millions of B.T.U. 
MKWH= Thousands of KWH. 
MMcf= Millions of Cubic Feet. 
Source: Taher (1983). 
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The aggregate data on energy consumed do not contain 
expenditures on kerosene, diesel oil, light and heavy fuel 
for a number of years. Disaggregation was done by first 
calculating the mean shares from the most disaggreate series 
and then multiplying the total expenditure on the four 
energy sub-types by the mean shares. Expenditures on wood, 
steam and the 'others' category were distributed over the 
nine categories using the mean values as the multipliers. 
Energy generated by sawmills, if any, is not taken into 
account separately, since the costs involved to generate 
energy are assumed to be reflected in the other cost 
components reported by the sawmills. Furthermore, certain 
Sawmills use boilers that run on wood wastes to generate 
energy but are not taken into account due to the lack of 
information. Energy consumed by sawmills is likely to be 
downward biased but not significantly large enough to make 
any appreciable change in the results given that only few 
Sawmills have boilers. The individual energy Sub-type prices 
were obtained by dividing the expenditure on energy by the 
BTU output units. For the years 1959-1961, energy prices 
were extrapolated. The price of energy obtained in this 
manner was assumed to be the price faced by the Sawmills in 
Alberta. The quantity of energy consumed by the sawmills in 
Alberta was obtained by dividing the expenditure on energy 
borne by Alberta sawmills by the price of energy calculated. 

The questionnaire sent out by Statistics Canada to the 


Sawmills was examined to get an idea of the other components 
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of the material inputs. A major input in this category was 
wood input. Also, expenditure on materials includes 
expenditure on wood as well. Since separate reporting is 
done on wood expenditure this amount was subtracted from the 
expenditure on materials to obtain expenditure on other 
inputs.‘** The other inputs category included products such 
as steel wire, staples, unbleached paper kraft 1 and 2, 
polyethelene and film sheet, dunnage and so on. 

The production and the value of shipments of some of 
these products were retrieved from various Statistics Canada 
catalogues and individual product prices were calculated. 
Finally the material price index was derived as a Divisia 
index of energy and other inputs.*’ 

In the literature, the manner in which materials price 
indexes have been calculated differs from the approach taken 
in this study. The method suggested by Denny, Fuss and 
Waverman (1979) and Fuss (1977) appears to be the most 
widely used method in calculating the materials price index. 
The method may be described as follows. Constant dollar 
quantity of materials is assumed to equal constant dollar 
output minus constant dollar real domestic product. The 


*¢RBxpenditure on materials inputs reported in Statistics 
Canada includes the expenditure on wood input purchased by 
the sawmills. Since expenditure is reported separately, the 
expenditure on materials inputs is net of wood expenditure. 
The expenditure on wood discussed above includes this 
purchased wood expenditure plus the value of wood 
transferred from logging operations. 

‘’7The production and the value of shipments of polyethylene 
(cat. no. 46-217), staples (cat. no. 41-006), steel wire 
(cat. no. 41-006) and unbleached paper (cat. no. 36-204), 
energy quantity and prices were utilized to calculate the 


price index of material inputs. 
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constant dollar output is defined as value added plus cost 
of materials.** The price of materials is obtained by 
dividing cost of materials by constant dollar quantity of 
Other inputs. 

A major reason for not adopting the above method was 
due to the fact that the sawmilling sector is a very small 
sector of the economy and the material inputs reported for 
the entire economy may not be a good representation of the 
materials utilized by the sawmills. Secondly, the Denny, 
Fuss and Waverman (1979) method requires data from 
input-output tables, namely constant dollar real domestic 


product, which were not available prior to 1962. 


4.4.4 The Price Of Capital 

The measurement of capital as an input poses the 
greatest difficulty among all the inputs considered in the 
production process. Producers purchase other inputs such as 
labor, energy and materials in the market and as such the 
market rental values for these inputs are generally 
available or can be imputed. When it comes to capital, 
however, producers are the owners of capital and a market 
for capital services like other inputs does not exist. The 
neoclassical theory of investment treats firms as renting 
capital or assets from other firms or from itself to obtain 
capital services.‘’ Capital usually comes in indivisible 


*®1f this method was adopted in this study wood expenditure 
would have been subtracted from the cost of materials. 
**See Hall and Jorgenson (1967). The alternative approach 
taken is to treat a firm as accumulating capital assets in 
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amounts, depreciates over time and the stock of Capital is 
constantly being replaced over time. The flow of capital 
services provided by a stock of capital which is combined 
with other inputs to produce output is of concern here.®° 
The flow of capital services is influenced by other factors 
besides the stock of capital. Tax policies, life of the 
capital, interest rate, the rate of return, rate of 
depreciation of the capital and investment are some of the 
important variables that influence the flow of capital 
services. °*' 

The flow of capital services reflects the rate at which 
a given stock of capital is combined with other inputs to 
produce a given level of output. Hall and Jorgenson (1966) 
proposed a method of imputing a value to the flow of capital 
services which takes into account the above mentioned 
variables. 

The derivation of the rental value or the value of 
capital services following Hall and Jorgenson (1967) can be 
described as follows. First, a relationship between the 


*®(cont'd) order to supply a flow of capital services to 
itself. 

>°Capital is usually assumed to "consist of all those aids 
to production which have been made by", (Rowan, 1968, p.43). 
If this definition of capital were to be adopted then, _ 
except for labor, all other inputs touched by man falls in 
the category of capital. This broad distinction does not 
provide any insight into how factor use over time has 
changed due to changes in factor prices. Second vip the broad 
category above is to be followed, the implicit assumption 
made is that all inputs besides labor can be aggregated into 
one composite group. The more desirable approach 1s to test 
if such aggregation is in fact valid. This latter approach 
is taken in this study. , 

>'See Hall and Jorgenson (1967), and Christensen and 
Jorgenson (1969) for more details on capital theory. 
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quantity of an asset acquired and the flow of services 
generated has to be established. This flow of services is 
assumed to decline geometrically over time. The authors then 
establish the relationship for the service price of capital 
as being equal to the sum of the cost of capital, the 
current cost of replacement and the cost of capital loss on 
the value of the asset. The cost of capital is the rate of 
return multiplied by the lagged value of the price of the 
asset plus the current cost of replacement which is equal to 
the price of the asset multiplied by the replacement rate 
less the cost of capital loss which equals the net change in 
the price of the asset. 

The authors then take into account the tax rate, profit 
rate, investment tax credit and the present value of 
depreciation allowances for tax purposes on a dollar of 
investment to determine the price of capital services. For 
each asset type the price of capital*®’* services is 
calculated separately. Then the quantity of capital is 
obtained by dividing the capital stock by the price of 
Capital services calculated. Finally the price index of 
Capital was obtained as a Divisia index of the two service 
prices.** Statistics Canada publishes information on the 


52For the sawmills the two asset types are structures and 
buildings and machinery and equipments. 

5>3For more details see Christensen and Jorgenson (1969), 
Hall and Jorgenson (1967) and Taher (1983). This method was 
utilized by Sherif (1981) while analysing the production 
structure of the pulp and paper industry in Canada. Also see 
Denny, Fuss and Waverman (1979) who have taken an approach 
very similar to the Hall-Jorgenson method. 
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capital stock for the sawmills in Alberta. ** 

The sawmill's capital stock data are reported under 
construction capital (CC) and machinery and equipment 
capital (MC) and are available both in constant (1971) and 
current dollar values. Furthermore, the series also contains 
gross and net capital stock data. The gross capital stock 
series in current dollars is utilized. 

For the two types of capital, the service price (SP;) 


1s calculated using the Hall-Jorgenson formula defined as, 


SP,;= PA;,(RR+ D;) (1-ECPTR. PV)/(1-ECPTR). (43) 


for 1= CC, MC and the symbols have the following meanings. 


ECPTR is the effective corporate profit tax rate. This 
rate is obtained by dividing the tax paid by the sawmills by 


the profits before tax.°*°* 


PV is the present value of capital cost allowance 
generated by an investment of one dollar.** For the sawmills 


this value was calculated to be 0.01729. 


>4Details of the method (perpetual inventory method) is 
reported by Statistics Canada in Fixed Capital Stocks-Man 
ufacturing Industries at the Three Digit Level (1970 SIC): 
Alberta 1955-1983, which is published by the National Wealth 
and Capital Stock Section, Construction Division. 

55For details see Christensen and Jorgenson (1969). The 
information on profits before and after taxes are available 


iniecats cnoes6n 003. 
56See Taher (1983) for more details in calculating the 


present value. 
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PA;. (i= CC and MC) is the implicit investment 
deflator. Given the depreciation rate U, for each type of 
capital, the investment series can be calculated. The 
implicit investment deflator can then be obtained by 
dividing the investment in current dollars by investment in 


constant dollars.®’ 


RR is the real rate of return taken as the Mcleod, 
Young and Weir average of 10 industrial bond rates and was 


obtained from Data Research Incorporated. 


D; is the constant depreciation value taken to be equal 
to .065 and .092 for construction and machinery capital 
respectively. These figures were obtained from Bigsby 


(1983). 


Finally the aggregate capital service price P, is calculated 
as a Divisia price index of the construction and machinery 


capital. 


4.4.5 Output 

The real gross output of sawmills is considered as the 
output variable entering as an argument of the translog cost 
function. The real gross output is obtained by dividing the 


value of shipments from the sawmills and includes the sales 


57See for example, a macro economics textbook such as Rowan 
(1968) for the definition and the method of deriving the 


index. 
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of chips by the industry selling price index.®® 


4.4.6 Total Cost and Cost Shares 
The total cost (C) is defined as the sum of the 


expenditures on the four inputs, 


C=PL+PK+PW+PM., (44) 


where the P,;'S are input prices corresponding to the inputs 
of labor (L), capital (K), wood (W) and materials (M). The 
input cost shares are the ratios of the individual 


expenditures to total cost. 


‘*The industry selling price index is obtained from cat. no. 
622526. 
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5. DISCUSSION OF TIME SERIES RESULTS 


5.1 Introduction 

The translog models (Chapter 2) and the estimation 
technique and related issues (Chapter 3) are utilized 
together with the data (Chapter 4) to select the most 
appropriate representation of the production structure of 
Sawmills. The economic analysis of the production structure 
follows. 

The input price indexes and the cost shares calculated 
are discussed next. Then, several translog models are 
estimated and the appropriate test statistics are conducted 
to select the most representative model. The own and 
cross-price demand elasticities and elasticities of 
Substitution are examined along with the technological 
change biases in input use and scale effects that may have 


occured in the sawmills over time. 


5.2 Changes in Factor Prices and Cost Shares 

Factor price indexes and the cost shares calculated are 
depicted respectively in Figures 5.1 and 5.2 and in Appendix 
Tablesii0.iuand 10.22tThesapricevofelaborvor | theawage rate 
shows the most significant increase. The price of labor 
index reported in the figure is based on manhours paid and 
not manhours worked. Wage rates based on manhours paid are 
likely to be lower than those based on hours worked. ®* 


>°The total wage bill is the same in both cases, but since 
the number of manhours paid when overtime worked is involved 
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However, the wage rates calculated reflect the actual cost 
borne by the sawmills on average to hire a unit of 
production labor when overtime work is required in the 
Sawmills. 

The other input prices show less increase relative to 
the price of labor, although the prices of other inputs too 
have increased over the years. The price index of wood 
appears to have declined for a few years (1960 till 1962) 
and then increased again. Only by 1969 did the price index 
of wood reach its pre-1960 value. 

The price of capital registers the most variation. The 
price of capital as calculated in this study depends, among 
other things, on the bond rate and the tax variable which 
have not remained constant over time. The large variation in 
the price of capital, therefore may reflect the variations 
in the bond rate and the tax variable. The price of 
materials, which also includes the price of energy shows a 
steady increase (see figure 5.1). After 1973 the material 
price index recorded a very large increase, reflecting 
partially the energy price increase as a result of the 
international oil embargo by the OPEC nations. Prior to 1973 
the price index of material, however, reveals only a 
moderate increase. 

Despite the large increment in the price of labor the 
Sawmills have been able to keep labor costs fairly constant 
(see Figure 5.2), which they have achieved by employing less 


5°(cont'd) exceeds the hours worked, wage rates based on 
hours worked exceed the wage rates based on manhours paid. 
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labor over time. The same result appears to hold largely for 
wood and material cost shares as well. The Capital share on 
the other hand has increased fairly Significantly over the 
23 year period and also registers the greatest variation 


(see Figure 5.3). 


5.3 Production Characteristics in the Sawmilling Industry 

This section is devoted to a description of the 
procedure used to select the cost function that most 
appropriately represents the production technology in the 
Sawmills of Alberta. 

The nonhomothetic model is the maintained hypothesis 
and is tested against several alternative hypotheses. 
Following the nonhomothetic model (model A) the least 
restrictive model is the homothetic model (model B) with 
three independent restrictions (all y;, =0). The tests for 
weak and strong homotheticity involve nonlinear restrictions 
and separate models need not be estimated, but can be tested 
utilizing the parameter estimates of the nonhomothetic 
model. However, if another model is selected instead of the 
nonhomothetic model, the weak and strong homotheticity tests 
must be conducted using the model that is selected. Hicksian 
neutral technical change (model D) involves four independent 
restrictions (y:; and all yi; = 0) which are different from 
the homothetic restrictions. This later model is also 
estimated. The homogeneity restrictions (yyy = 0 and all yiy 


= 0) are imposed on Model A and the model (model C) is 
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reestimated. All remaining (dozen or so) restricted models 
can be generated by imposing more restrictions on these four 
models. The Cobb-Douglas cost function is a special case of 
the nonhomothetic model when all second order parameters are 
restricted to zero. 

The above models were each estimated as a multivariate 
regression system consisting of the cost equation and the 
cost share equations, with the capital share equation 
deleted for reasons discussed in chapter 3. The homogeneity 
in factor price and symmetry restrictions were imposed in 


all the models prior to estimation. 


5.3.1 Selection of the Production Structure 

Whether or not the estimated cost functions are well 
behaved has to be determined prior to model selection. A 
well behaved cost function has to satisfy the monotonocity 
and convexity in input prices conditions. The monotonicity 
condition is satisfied if all fitted cost share equations 
are positive. The convexity condition is satisfied if the 
bordered Hessian matrix is seminegative definite. Both of 
these conditions were satisfied by all the estimated cost 
functions at all 23 data points.‘*° Hence the estimated cost 


functions are said to be well behaved in the neoclassical 


sense. 


‘°The time series processor (TSP) package was used for 
estimating the multivariate system. The convergence 
criterion was set at one percent. In all cases convergence 
was achieved in about 30 to 45 iterations. 
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The estimated coefficients of the models presented in 
Table 5.1 reveal that, in the nonhomothetic model (Model A), 
three of the four homothetic paramaters (y;,'sS) are 
Significantly different from zero. Also an examination of 
the biased technical change parameters (y,;,'s) in the same 
table indicates that at least three of these paramaters are 
Significant. 

Table 5.2 presents results of the likelihood ratio and 
Wald tests conducted to test the null hypothesis of 
nonhomotheticity against the several alternative 
hypotheses.*' The calculated x? values lead to the 
conclusion that all of the restricted models are rejected at 
both the five and one percent levels of significance. *? 

The above tests therefore lead to the conclusion that 
in order to study the production structure of the sawmills 
in Alberta, the nonhomothetic model is most appropriate. 
Following Mizon (1978) and Harvey (1981), the need to 
estimate the remaining nested models does not arise. The 


concept of ordered sequential hypotheses testing of nested 


‘*Note that in the preceeding paragraph only the t-values of 
the parameters (y:,'s and y;;'S) were examined to see if 
they were significantly different from zero. The likelihood 
ratio test is a more general test that takes into account 
the entire function. 

‘?In the models yyy and y+: are both set to zero. In an 
earlier run these paramaters were insignificant and second 
the variables associated with these parameters namely, 
(lnY)? and (t)? were believed to be a major source of _ 
multicollinearity. Auxuliary regressions conducted by first 
deleting (lnY)? and then t’* improved significantly the 
results of the model and hence the suspicion that the two 
variables were contributing fairly significantly to 
multicollinearity was confirmed. As a result, the above two 
variables have been deleted in all estimations. 
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Table 5.1: Estimated Coefficients of Different Translog Cost 
Functions: Alberta Sawmills 1959-1981 


Model A Model B-C Model D Model E Model F 
oe eRe a ee ee tL. fos a Ate 


Yo ~157703*% -142033% -1,3546¢ “a =136250% 
YY 0.3854 0.2000 0.2367% ae 0.3023 
yt 0.0536* -0.0922%* -0.0805%x ae 0.0385 
vi 0.0453 0.1934% 0.1663 0.0570 0.1684 
ym 0.0254 0.3350 0.2980 0.0031 0.2968 
yw 0.5895 0.4501 0.5628 0.6091 0.4337% 
yk 0.3397* 0.0215 -06027.1 0.3379 0. 10its 
yly 0.0536 ee 0.0032 0.0533 oe 
ymy OO: 133% = -0.0001 0.1304 A 
ywy -030506 ae =U20392 -0.0688 ae 
yky -0.1164x AF 0.0361 -0.1149% a 
ylt -070054* -0.0081 Ae -0.0063* “ H 
ymt -0.01260* 0.0040 sre -0.1149% cp 
ywt 0.0027 -0.0014 ore 0.0067 cee 
ykt 0.01528* 0.0072 ae 0.0149 A 
ye -0.0340 =O20759 -0.0432 -0.0081 we 
ylm OO. 4290s 0.0994«« 0.0310 0.149% es 
ylw ~OS1722% 0.0900% 020300 0.1070* Ae 
ylk 070254 0.0066 0.0572*x 0.0281 are 
ymw -0.0565** -0.0432 -0.0134* -0.1789%x a 
ymm ~O2O0R23 =OR0 738 -0.0432 020972 ane 
ymk -“0 20523 -0.0423 ~On025i1 -0.0254 eee 
ywk 0.0124 -0.0220 -0.1082*« -0.0045 
yww 0.1564 0.1552 0.1662% 0.3104 
ykk 0.0148 O<0577 0.0760 0.0018 
yyt 0.0316 0.0333 0.0291 Ke a 
D.W. 26 1300 1.6649 128067 ae Peoe 
LLV 168.350 Oy Pe rag a =: Too .OoG 1452750 


Notes: 1. Models A,B,C,D,E and F refer respectively to the 
nonhomothetic, homothetic, homogeneous, Hicks neutral 
technical change, implied nonhomothetic and the Cobb-Douglas 
cost functions. 

The * and ** refer to significance at 1 and 5 percent 
respectively. The t-values of the estimates are provided in 
Table 5.1A. 

LLV and D.W. refer to the log of likelihood values and 
Durbin Watson statistic respectively. Also note that Model E 
does not contain the cost function and hence the Durbin 
Watson statistics is not reported. 
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Table 5.1A :t-Values of Estimated Coefficients of Different 
Translog Cost Functions: Alberta Sawmills 1959-1981 


Model A Model B-C Model D Model E Model F 
ee ee a ea a VOC Ne ais 8 


Yo Seal 5 4.78 4.64% ee 6129 
YY 3.54 2.0! 2.80 ae Soe 
yt Zee Zia | 2.03 bie Sg, 
yl eu) He 20 3.48 sg 31.88 
ym Oe 18 l 2reet 7 32710 0.02 28239 
yw 4.16 17.558 6.72 4.53 29.97 
yk 4.96 emlid 0.34 4.91 7.88 
yly 3279 a. Cazes 3.80 ote 
ymy 2.42 za 0.01 299 =. 
ywy 1.011 Se 70 1.45 2s 
yky 4.79 47 129 4.70 “a 
ylt SooD 1209 A 4.55 Sc 
ymt 3.40 1.94 ae 4.14 ; 
ywt 0.68 Oeni aie aioe) 
ykt 7 04 4.87 oe nae ac 
a Dare Oyo? bata 0530 aire 
ylm 35 26 2.74 On Ba SaXt6 : 
ylw 4.76 326 Tens sree 
ylk Ineo On.25 We20 1.45 
ymw 2.04 wos 0.48 2.48 ore 
ymm 0629 Oes2 0.88 O92 e 
ymk eos 1.02 0.49 0.54 °° 
ywk 0.38 O58 2.08 0.14 “Le 
yww 3.76 3.62 4.22 4.17 é 
ykk pies rc ae : 
yyt 3.40 3.46 3.09 


Note: There are m (4) separate equations (the cost function 
and 3 share independent equations) and n (23) observations 
on each of the n equations. This gives N= n.m (92) 
observations in all. Each share equation has 6 variables and 
the nonhomothetic model will yield estimates of 18 
paramaters. Add to this the 19 parameters of the cost 
function as well. The resulting degrees of freedom, thus is 
Bhs (See Johnston, —1964, p. 339) 
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models (Chapter 3) suggets that a hypothesis test be 
abandoned when, between two hypotheses H, and Ai py SC He MH 4 
th hypothesis is rejected, given that the H;.;, hypothesis is 
more restrictive than the H,; hypothesis. Hence, the results 
discussed in the remaining portion of this chapter are 
confined to the nonhomothetic model only unless otherwise 
mentioned. 

The case of global separability is not satisfied. A 
test for global separabilty is equivalent to testing whether 
or not the Cobb-Douglas cost function appropriately 
represents the production structure of the sawmills. The 
estimated coefficients of the Cobb-Douglas cost function 
(Model F) are reported in Table 5.1. The log likelihood 
ratio test results are reported in Table 5.2. The calculated 
x? values exceeds the tabulated x?. The specification of a 
Cobb-Douglas function as an appropriate representation of 
the production structure characterising the sawmills is 
therefore rejected. 

Based on the likelihood ratio test, the nonhomothetic 
translog cost function cannot be rejected as appropriately 
representing the production structure of the sawmilling 
industry. However, within a nonhomothetic production 
structure input usage can exhibit weak or strong 
separability relationships. The results are presented in 
Table 5.2. The highly significant value of the Wald 
Statistics leads to the rejection of the weak separability 


hypothesis. Strong (or linear) separabilty for an input 
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requires that all the cross-product terms, in which the 
input in question is to be strongly separable from all other 
inputs, be set equal to zero. By setting y,, = 0 (i,j= Lb, W, 
M ) in the nonhomothetic model three new models are 
generated. These models are estimated and the likelihood 
ratio test is conducted. Again the results point to the 
conclusion that strong separability for each input cannot be 
accepted. 

Several conclusions emerge from the acceptance of the 
nonhomothetic production structure. First, changes in output 
affect input demand functions. Second, the sawmills are not 
characterized by constant returns to scale and are also 
constrained by factor prices in altering their production 
operations. Third, the sawmills exhibit biased technical 
change in input usage. Fourth, there appears to be a 
Significant degree of factor substitution in the sawmills in 
response to external price shocks. Also, Sawmills do not 
exhibit weak or strong separability in input use. Stated 
differently, each input uSage is neither weakly nor strongly 
independent of other input usage. Hence the cost function 
for the sawmills in Alberta cannot be specified in terms of 
subcost functions. Also global separability is rejected. 


Finally, both the weak and strong homotheticity assumptions 


are rejected. 
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5.3.2 A Note on the Nonhomothetic Model 

In some studies nonhomothetic models have been 
estimated without the inclusion of the cost function in the 
multivariate system on the grounds that the number of 
observations was inadequate.** When only share equations are 
estimated, the yy, and y,,y (scale) as well as other 
parameters, cannot be evaluated. To see how sensitive the 
nonhomothetic model is to the exclusion of the cost 
equation, the 'implied' nonhomothetic model without the cost 
equation is eStimated utilizing only the cost share 
equations. Except for one paramater (ymm) which had a 
different sign and a coefficient that was statistically 
insignificant, other parameters estimated were consistently 
Similar in both models. The log likelihood value dropped 
from 187.81 (nonhomothetic) to 159.49 ('implied' 
nonhomothetic), which is to be expected when variables are 
dropped from models. The paramaters estimated and the 
Statistical significance of the implied nonhomothetic model 
are more consistent with those of the nonhomothetic model 
than are those eStimates of the other models (see Table 
5.1).°* Christensen and Greene (1976) argued that the 
optimal procedure to evaluate a nonhomothetic cost structure 
is to estimate jointly the cost equation along with the cost 
share equations as a multivariate regression system. The 
ee omnes Binswanger (1974B), and Taher (1983), 
where the authors have made use of cost share equations 
alone to estimate the parameters of a nonhomothetic model. 


‘4Note that the log likelihood value of a restricted model 
can, at most, be equal to that of the unrestricted model but 


never greater. 
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above results point out that estimating the share equations 
alone in the absence of sufficient Sample points can provide 
a reasonable approximation of the nonhomothetic model in 


this case. 
5.4 Comparative Static Results 


5.4.1 Own and Cross Price Elasticities 

Input demand and substitution elasticities were 
computed for all the 23 years. A sample of the elasticity 
estimates is provided in Tables 5.3 and 5.4. Also, the mean 
values of the elasticities are reported in these tables. 
Note that the values for 1981 are terminal estimates for the 
sample. °5 

All own-price elasticities computed have the expected 
negative sign. The results presented in Table 5.3 reveal 
that these own-price elasticities have remained fairly 
Stable over the 23 years covered by this study. The 
own-price elasticity of demand for labor is the most elastic 
among the set of elasticities. 

The own-price demand elasticities of capital and 
material are similar in magnitude, even though capital 
elasticity has been slightly greater than that of materials 


in most of the years. The change in the values of these 


‘57The standard errors of the elasticities are not reported. 
Generally, when the standard errors are calculated the © 
assumption is made that the cost shares are nonstochastic 
and this is not true. Secondly, standard errors of the 
elasticities are generally not reported. 
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elasticities over the years have been similiar. In at least 
17 out of the 23 years covered by this study, whenever the 
own-price elasticity of material inputs changed, the 
own-price elasticity of capital also records a similiar 
change suggesting a complementarity relationship between 
these two inputs. 

The own-price elasticity of demand for. wood is the 
least elastic among the four inputs considered in all the 23 
years covered by this study. This elasticity has remained 
fairly stable over the years. The relatively low value of 
all three elasticities over the years is to be expected, 
given the 'basSic good' nature of this input in the 
Sawmilling industry. 

A sample of the cross-price demand elasticities is 
reported in Table 5.4. Notice that the cross-price 
elasticities are not symmetric unlike the substitution 
elasticities which are reported below. The first column 
should be read as the effect of a change in the demand for 
factor i, when the price of factor j changes and all other 
prices and output are held constant. These cross-price 
elasticities are related to the substitution elasticities as 
given by the relationship, 7; ;=S;9i:; .- In other words, 
cross-price elasticities are proportional to the 
Substitution elasticities. The partial substitution 
elasticities provide better measures of the relationships 
between inputs when relative prices change and hence 


attention is directed to the elasticities of substitution. 
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However, prior to discussing the substitution elasticities, 
it is interesting to compare these results with those of 
others. 

A difficulty arises at this point in that the results 
of other studies are not strictly comparable with this one. 
First, other studies have covered a different sector of the 
economy (e.g., the manufacturing sector). Second, inputs 
utilized differ in number and types. Third, some studies 
have employed functional specifications different from ours. 
The data base generally differs among studies, if not in 
terms of the data sources, at least in terms of the 
assumptions made concerning various issues. 

In a study conducted by Sherif (1981) of the pulp and 
paper industry in Canada, the price elasticities estimated 
were much lower than our estimates.‘** Stier (1980B) reports 
on a study conducted by Mckillop in which the own-price wood 
demand elasticity was found to be as high as -3.2. In the 
Same paper Stier reports that subsequent studies have 
estimated elasticities between 0 and -.5, which compare with 
results herein. In a recently completed study, Taher (1983) 
estimated labor and capital own-demand elasticities to be 
-.3846 and -.2950 and -.2192 and -.8163 for the wood and 


furniture industries respectively in Canada. 


‘*Sherif's (1981) study utilized a nonhomothetic nonneutral 
Hicksian translog specification. Her study utilized energy 
as a separate input instead of material. The other inputs 


were the same. 
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9.4.2 Partial Elasticities of Substitution and 
Complementarity 

The substitution-complementarity relationship between 
inputs are displayed in Table 5.5. From the results 
presented in Table 5.5, the elasticities appeared to have 
changed more sharply between 1971 and 1976 than in other 
periods. This period (1971-1976) contains the years when 
global energy prices increased in an unprecendented manner, 
The sharp changes in the elasticties therefore, reflects the 
change in the relative price of inputs and the response of 
the producers to such changes. Similiar trends may also be 
observed in the cross-price elasticities reported earlier in 
Table 5.4. 

Labor displays a substitution relationship with capital 
and material inputs and a complmentarity relationship with 
the wood input. The substitution relationship between labor 
and capital, however, has declined steadily over the years. 
The larger values of these substitution elasticities in the 
early years may reflect a time when the sawmills in Alberta 
began introducing new capital which appears to have 
displaced fairly large amounts of labor.‘*’ The results 
further indicate that the degree of substitution has 
declined gradually over the years. These results appear to 
be fairly consistent with the findings reported by Stier 


(1982A) and Greber and White (1982). Their estimates are, 


‘7Stier (1982A) and Greber and White (1982) indicated that 
in the U.S. lumber industry the displacement of labor has 


been mostly of unskilled type. 


cpewsed Wiieno - egee 


«tke ont 
‘ 4a eat: | 
aitie a one i Seah eng 
ct Re Si RSPEEAY C21) bole 
cas ress ves ab > pedienor: es : 
i374 (te sas tos: asian o43 T, sopaedo 
io sq 12 ar? dit) 2auyae = a shina sviddies ‘one 
a: 4 ehrtez? c6/ i lok, SapRSES Aoye OF Oi 
itses tetieqatvaslsis) ami atlas ni 
a 4 
ign =t ane tne venga > reitan 
ia Shige Yoo 
aterlsg? sl MB ipet | 
D SE gery | 


ar 4 .' 28 aad ry perce fot Gs 


evel a. ‘aieaesloncaaal 
etlvass eat)! eat Ty 


Limwee. ole an E 


ead Aes tpadapeise a 6 


17 3286506 ash nes sand? 


tat te: vd pea 10984 oP it 


S78 2etami all sea 


oa re bok 


LLvry°O EGGI I VSGLL O- BE8L° O- BLY 99161 +e6l 
868r 0 bOSt tL cOO!t °O- LESS’ O- vO6s'& 6S96 1 9L6h 
vLtL9°O EcvV I 6c99 t- ySOS O- OElLE'E CEB E bL6L 
906S 0 vivs | GvcG t- LL£S7 O- SVEL GC SILL € 996+ 
EL9G'O 9OLE Ll VOVE, C— 6LLV'O- LG90°S CGCL'E b96t 
Cvvs'O SV6EL GELV L- L86&S O- vao9S'€ tvy6O0'€ UeOW 
Ppoom Ppoom LelLus eI pooMm LeLusyewW Lezideo 
Lepuse ew Lezyideg Lezyides 4oqe 4oqe Joqe 7 


SLLiWMeS BZUSQLY -UOLZNZPIZSGNS J$O SOLPLOLPSeLA Lelpued -G°G s1qeL 


a 1% TRAD 
- 


jar ‘a4 


og 


however, lower.** The gradual decline in the substitution 
relation between labor and capital over the years may 
reflect an increasing difficulty associated with replacement 
of skilled labor by capital. Sherif (1981) estimated 0.15 as 
the substitution elasticity between labor and capital. For 
the U.S. manufacturing industry, Berndt and Wood (1975) 
estimated this elasticity to be in the order of 1.01. Stier 
(1980B) estimated a value of 0.194 for the lumber industry. 
Denny and Fuss (1977) found a complementarity relationship 
between labor and capital in their study of the Canadian 
manufacturing industry. Furthermore Taher's (1983) estimates 
for the wood and furniture industry are respectively 0.0301 
anded.t26% 

When the demand for wood increases, the demand for 
labor also increases in the sawmilling industry as may be 
observed by examining the complementarity relationship 
between these two inputs in Table 5.5. In the short run, 
when output is expanded, sawmills can do so by increasing 
wood input requirements. In order to increase wood 
requirements, more labor appears to be hired by the sawmills 
given that labor is relatively more flexible than capital in 
the short run. 

Labor and material inputs display a substitution 
relationship, which is fairly strong and fairly stable over 


time. Given the broad aggregate nature of the material 


‘Stier (1982A,1982B) also found capital and labor to be 
substitutes in the U.S. lumber industry, but his estimates 


are much lower than the present ones. 
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inputs, the substitution relationship between this input and 
all the. other inputs has to be interpreted with caution. 
Energy is part of the material inputs. In some studies, 
labor and energy have been found to be substitutes in the 
manufacturing sector.**® But the energy component in the 
material inputs is fairly small (8 to 10 percent) and the 
substitution relationship exhibited cannot be attributed to 
energy alone. Besides energy input, the other components of 
the material input consists of a group of heterogenous 
products such as staples, steel wire, paper and other 
inputs. The substitution relationship displayed above may be 
the result of the efficiency gains in the use of the 
material inputs, which have led to a decline in labor use. 
However, further interpretation of this elasticity is not 
warranted without more information on the material inputs. 
Furthermore, the cost share of material inputs is second 
only to the cost share of wood, making material a fairly 
important input in the sawmills. 

A complementarity relationship between capital and 
material was found, but it has been declining over the 
years. The sharp increase in energy prices appears to have 
motivated the sawmills to utilize relatively more energy 
efficient capital. The complementarity strength in 1981 was 
only about eight percent of that in 1959. Capital displays a 
substitution relationship with wood. New technology has made 
it possible for better wood utilization. Notice, however, 


‘*For example, see Berndt and Wood (1975), Sherif (1981), 
and Taher (1983). 
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that the capital-wood substitution relationship also shows a 
gradual decline over the years. 

Finally wood and material are substitutes. If a large 
part of the material inputs consists of packaging materials, 
then a complementarity relationship between wood and 
materials would be expected. However, at this point, 
interpretation of the elasticity becomes difficult without 
more information on the material inputs. The elasticity has 
remained fairly constant over the years. 

The results presented in Table 5.5 indicate that the 
mean elasticity estimates may not always describe the 
processes of factor substitution that takes place, 
especially in the temporal framework. The trend appears to 
be more important. For example, the mean value of the 
labor-capital substitution relationship is 3.09 and the 
terminal value of this elasticity is about half that value. 
By examining the trend and the terminal values, a better 
picture of the process of factor substitution emerges. 
Moreover, the terminal values may prove to be better values 
than the mean value for prediction purposes, especially if 


the elasticities reveal a definite trend. 


5.4.3 Scale Effects and Technical Change Bias in Input Usage 
When output changes, input uSage can vary in different 

ways. More of some inputs may be required and less of other 

inputs may be demanded. The results of Model A in Table 5.1 


indicate that three out of the four scale parameters Ceysinas 
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homotheticity parameters) are significantly different from 
zero. Particular note is made of the fact that the increase 
in the level of output in the sawmills tends to increase the 
demand for labor and materials but decreases the demand for 
capital. The negative association between capital and output 
may reflect some form of overcapitalization in the sawmills 
given that the sawmills have become a very capital intensive 
industry in recent years. It could also reflect 
under-utilization of capital as well, since no account of 
the capacity utilization rate for the sawmills has been 
taken into account in the study. A reason for not taking 
capacity utilization into account is the fact that even when 
capital is not being used, the owner must still bear a cost. 
Accounting for capacity utilization can underestimate the 
rental price of capital. The positive association between 
labor and output may reflect the need for skilled labor to 
operate the new technology when the demand for wood output 
increases. Wood input apparently has no significant scale 
effect. 

The results of the hypothesis tests indicated that 
biased technical change in the sawmilling industry could not 
be rejected. The technical change (yi,) paramater, for which 
time is used aS a proxy, is a poor indicator of technical 
change. Technical change is very unlikely to occur at a 
constant rate as specified in the model, but rather in 


spurts. The exact measurement of technical change cannot be 
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provided from the model, but only its direction.7° 
Examination of the y,, coefficient of Model A in Table 5.1 
reveals that technical change in the sawmilling industry has 
been labor and material saving and capital using. All three 
coefficients are significant. The labor saving technical 
change reflects numerous technical changes that have taken 
place in the sawmilling industry over the last 23 years. 

The elasticity of substitution between labor and 
capital is high and means that the isoquant in the 
labor-capital axis is fairly steep but convex to the origin. 
At the same time the labor saving and and capital using 
technical change biases suggest that over time the isoquant 
has shifted more towards the capital axis and away from the 
labor axis. These results also point to the fact that in the 
Sawmills, the biased technical change along with the 
substitution relationship, have resulted in relatively 
greater savings of labor and at the same time increased the 
use of capital. Greber and White (1982), found that 
technical change in the U.S. lumber and wood industry was 
more responsible for the decreasing use of labor and an 
increasing use of capital over time than the substitution 
relationship between these two inputs. Alberta sawmills 
Started introducing new technology during the early sixties 
which replaced labor gradually. Also wage rates have been 
rising faster than the price of capital which has led to 
further displacement of labor by capital. 


7°Por greater details on this issue see Lopez (1980), 
Binswanger (1974A,1974B) and Petersen and Hayami (1976). 
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Labor and wood are complements, but the value is fairly 
low. Also a fairly strong labor saving technical change bias 
was observed. If technical change was wood using, the above 
elasticity would perhaps have been smaller. The results 
suggest that employment in sawmills is likely to increase 
only if there is an increase in the demand for wood inputs. 
Increases in wage rates not only reduce employment in the 
industry but appear to reduce wood utilization as well. 
Capital using technical change, however, does not appear to 
preclude the possibility of more efficient utilization of 
wood. 

Wood utilization is likely to increase if material 
prices increase. When material prices increase, ceterus 
parbus, material use decreases through (1) the substitution 
of wood for materials and (2) the technical change bias in 
material use. Finally, the capital using technical change 
bias, wood neutral technical change bias and the 
substitution relationship exhibited between wood and capital 


appear to have enhanced greater use of capital. 


5.5 Summary 


A detailed economic analysis of the Alberta sawmills 
reveals that the nonhomothetic translog cost function 
represents appropriately the production structure of these 
Sawmills. There appears to be significant degree of factor 
Substitution in the sawmilling industry. Technical change 


bias in input usage has been nonneutral, except for wood 
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which was neutral. Also global, weak, and strong 


separabilities among inputs are not present in the sawmills. 
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6. TECHNICAL INEFFICIENCY IN THE SAWMILLS 


6.1 Introduction 

The translog function discussed in Chapter 2 and 
reported in Chapter 5 is an 'average-practice'’ cost function 
or Simply an average cost function which captures the 
average production technology characterizing the sawmills. 
Strictly speaking the technology characterized by the 
estimated cost function does not in any way reflect the 
minimum cost to produce output by the sawmills unless all 
Sawmills are equally efficient in production. Productive 
efficiency means the ability of a production organization, 
such aS a sawmill, to produce a well-specified output at 
minimun cost. In order to have knowledge of the minimum cost 
required to produce output, the cost (production) frontier 
for a given state of technology has to be estimated. 

In specifying the stochastic translog cost function and 
the associated share equations in Chapter 3, an assumption 
was made that the error terms were normally distributed with 
mean zero and a constant variance. Thus the estimated cost 
function has to be an average cost function with some 
observed data points lying below or above the fitted 
function and still others lying on the estimated function 
itself. It is in this sense that the estimated cost function 
is referred to aS an average practice cost function or 


simply an average cost function. 
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If a cost function can be estimated such that it passes 
only through the coordinates representing the minimum cost 
points, then the estimated cost function gives the minimum 
cost of producing output for a given state of technology. 
Such a cost function is referred to as a cost frontier or an 
envelope cost function or the 'best practise' function . 

Many firms in an industry are likely to have cost 
levels that exceed the cost associated with the cost 
frontier.’' Also no firms can have costs that are below the 
cost frontier locus. Thus the cost frontier can be utilized 
as a reference point in order to discern how observed costs 
deviate from minimum costs for any given technology. Also 
deviations beyond random effects of observed costs from 
minimum costs can be utilized to gain an insight into 
technical and allocative inefficiencies of the firms. 

The present chapter is aimed at highlighting some of 
the above issues for the sawmills in Alberta. Section two is 
devoted to an explanation of the means by which technical 
and allocative inefficiencies or efficiencies can be 
estimated. First, the work pioneered by Farrell in 1957 is 
briefly discussed. Section three is devoted to a discussion 
of the stochastic frontier cost function. Section four 


utilizes the results of section three to derive sawmill 


technical inefficiency. 


™1Deviations from the minimum costs can be due to factors 
that are within the control of the firms as well as factors 
that are beyond the control of the firms. 
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6.2 Measurement of Technical and Allocative Efficiency 

In 1957, Farrell presented a method for measuring 
productive efficiency as well as technical and allocative 
efficiencies independently. The standard of efficiency 
utilized by Farrell was the frontier isoquant (or the linear 
homogenous production function). Deviations away from the 
frontier isoquant were identified by Farrell as the result 
of technical and allocative inefficiencies.’? Farrell also 
recognized the possibility of decisions that affect 
allocative (technical) efficiency and have ramifications on 
technical (allocative) efficiency.’: 

Farrell's procedure for measuring technical and 
allocative efficiency can be outlined as follows. Assume a 
linear homogeneous production process which transforms two 
inputs X, and Xz into an output Y. The standard of this 
production process is set by the unit isoquant (II') 
depicted in Figure 6.1. Farrell defined technical efficiency 
as the ratio OB/OA and allocative efficiency as the ratio 
OC/OB. The overall productive efficiency is the product of 
two inefficiencies, namely OC/OA. 

A point such as A in the Figure 6.1 1S an inefficient 


72Note that Farrell does not assume random factors such as 
wheather, pests and so on which are beyond the control of 
the production organization, as causes of inefficiency. In 
recent work, however, economists have been able to. 
incorporate random factors as well in the stochastic 
function framework along with both technical and allocative 
inefficiencies. These later issues are dealt with below. 
73See Farrell(1957) for more details. Farrell's original 
work can also be found in other studies such as Kopp (1981) 


and Kopp and Diewert (1982). 
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production plan.’* Point C is on the isocost line PP'. PP', 
the locus of allocatively efficient input ratios, represents 
minimum costs at given competitive prices. A point such as B 
on the frontier represents a technically efficient point for 
a given level of output. E is the only point that is 
technically and allocatively efficient. The ratio OB/OA 
measures the input use at an inefficient point relative to 
the efficient point. Also the ratio OC/OB measures input use 
at B on the isocost line relative to the cost minimizing 
input point E. In terms of costs these efficiencies would 
Simply be the cost ratios at the points A, B, C, and E.7 

Farrell's approach has several shortcomings. First the 
assumption of a unit isoquant is limiting.’* Second, the 
method precludes the possibility of exogenous factors 
causing deviations from the cost minimizing expansion path 
as well as from the frontier. Since the pioneering work of 
Farrell, interest in frontier functions has increased only 
lately despite some early work by Aigner and Chu (1968) and 
Timmer (1971), among others. 

Aigner and Chu relaxed the assumption of a linear 
homogeneous production function and utilized a linear 
programming technique to estimate a production frontier. 
Since a production frontier is the locus of points that 
represent maximum output, the observed output points have to 


74In Farrell's analysis output has to be held constant and 
efficiencies are measured in terms of factor proportions. 
75Por more details on measuring technical and allocative 
efficiencies in terms of a cost function see Kopp and 


Diewert (1982). . 
76This assumption has already been dealt with in chapter 2. 
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lie on or below the frontier. Define the production function 
Y, = £(X,, Bois (47) 


where Y, is output and (X,) are input vectors and ($8) is a 
vector of unknown parameters. Aigner and Chu (1968) 


formulated the linear programmming problem: 

Minimize (HY, folie} 906 )}- (48) 
subject to 

BAViSchiz ys eb (49) 


If the square of the objective function in equation 48 
is taken, the problem becomes a quadratic programming 
problem. Notice that the set of linear restrictions clearly 
Satisfies the requirement that observed points have to lie 
on or below the frontier. The estimated coefficients from 
the programming problem give the paramaters of the 
(deterministic) production frontier.’’ A major drawback with 
the use of programming technique in deriving a frontier 
function is that inferential results cannot be obtained 
Since neither the standard errors nor the t-ratios are 


provided. Second, linear programming problems are extremely 


77Frontier functions derived from programming techniques are 
generally referred to as determinisitic frontiers in the 
literature. See Forsund, Lovell and Schmidt (1980). 
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sensitive to outliers [see Aigner, Lovell and Schmidt 
om ey? 

Recently, there have been significant developments in 
the area of stochastic frontiers and their estimation. 
Building on the earlier works, Schmidt (1976), Aigner, 
Lovell and Schmidt (1977), and Schmidt and Lovell (1979) 
have formulated stochastic frontiers and also provided 
methods for estimating allocative and technical 
efficiencies. The following section outlines the concept of 


a stochastic frontier and the estimation technique. 


6.3 Formulation and Estimation of a Stochastic Frontier 


A stochastic cost frontier can be defined as 


Can= .C (Xf us Yara pie sexp-ee, (50) 


where e, iS a random disturbance term assumed to be 
distributed with mean zero and a constant variance, (07), y 
is a vector of parameters and the variables are as defined 
earlier. The random term e, is further assumed to be 


composed of two independent error terms, that is 


C4 = Vin +UUsE (51) 


78For applications of the linear and quadratic programming 
approaches to estimate frontier functions see Aigner and Chu 
(1968), Timmer (1971) and McLemore, Whipple and Spielman 


(1983). 
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error model. The first error, v,, is assumed to have the 
normality properties of zero mean and vo? variance. This 
error term v,; is assumed to capture all effects outside the 
control of the sawmills. The error component, uz, on the 
other hand is assumed to capture errors arising out of 
technical inefficiencies and has a mean of zero with a 
variance truncated at zero from below. This truncated 
variance |uo’?| means that u, can have only positive values, 
thus making all observed cost points lie on or above the 
stochastic frontier. Note that, even if u, is zero, the 
frontier given by equation 50 above still becomes a 
stochastic frontier. 

In specifying the composed error model, the assumption 
is made that firms are assumed to be allocatively 
efficient.’*® The measure of technical inefficiency is given 


by 


exp.(0;) =ce, 7mic (ah ery ep eylmexpulws) Ee (52) 


When exp.(u;,) is equal to one, firms are said to be 100 


percent technically and allocatively efficient.*°® 

7°The assumption of allocative efficiency can also be ' 
relaxed and tested. However, for the purpose of this thesis 
due to computing problems the assumption will not be 
relaxed. Relaxing this assumption to actually measure 
allocative inefficiency requires adding one more error 
component and the set of factor demand equations. The 
nonlinear optimization problem becomes fairly complex. 
®°Note that allocative efficiency 1s assumed a priori. When 
u,; is assumed to be truncated from above and all the other 
properties are restored, which therefore, in the case of a 
production frontier, makes all observed points lie on or 
below the frontier function. See Aigner, Lovell and Schmidt 
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The method for estimating the parameters of the 
Stochastic cost frontier, and hence technical inefficiency, 
involves defining the log likelihood function for the system 
and solving for the parameters through the maximum 
likelihood estimation techniques. The log likelihood 


Function for this particular case is 


InL{ic, | yi reo} = -N/2 ln(27) -N/2 lno? - 1/20? > De + 


Blin esis Pi Ge pao) Pefon tai oe Nas (53) 


where N is the sample size, o* is the variance of e,, A is 
the ratio of the variance of the error components appearing 
in equation (51), and F is the standard normal distribution 
function corresponding to a standard density function f 
evaluated at (e,).°' 

The variance of v,; measures the variation in the cost 
due to factors that are exogeneous to the sawmills. The 
variance of u, on the other hand measures the variation in 
cost due to factors that are within the control of the 
Sawmills. The mean value of this error component is a 
measure for technical inefficiency. The term (A) therefore 
provides a measure of the relative variation in cost caused 
by factors that are both within and without the control of 
the sawmills. When (A) is large, the variance of u; is large 
(or the other variance can be small) indicating that the 


®°(cont'd) (1977), Schmidt and Lovell (1979) and Bagi (1984) 


for greater details. é . 
®'See Aigner, Lovell and Schmidt (1977) and Schmidt and 


Lovell (1979) for further details. 
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cost variation (frontier vs. observed) is due more to 
technical inefficiency than pure random factors. Conversely, 
when (A) is small, cost variations are due more to random 
factors beyond the control of the sawmills than to technical 
inefficiency. 

In equation 52 the measurement for technical efficiency 
or inefficiency is defined but its measurement requires the 
value of the error v, which is not available. The mean value 


of u,, which is of interest, has been shown to be equal to 


Houype,) #00 (CE Cegh/odli= th bbe Aso) teubegrdfad) (54) 


It defines the conditional mean of uz, given (e,), the 
normal distribution of v, and the truncated normal 
distribution of u,.*? In equation 54, £' is the value of the 
normal density function, F' is the value of the normal 
distribution function and o' is the ratio of the product of 
the variances of u and v to the sum of the same two 
variances. The ' (primes) indicate that the functions are 


evaluated at e,. The estimated value of e, is utilized in 


equation 54. 


For estimation of technical efficiency, the 


Cobb-Douglas cost function is utilized.*®*® A fortan program 


®2For more details see Bagi (1984) on the conditional mean 
ofsu.. et ; : : : 
2A nonlinear numerical optimization process is involved in 
estimating the model in eq. 53. Cost and time constraints 
prohibited going beyond the Cobb-Douglas cost function and 
relaxing the assumption of allocative efficiency. Dr. R. 
Kopp of Resources for the Future, who frequently publishes 
in this area of technical and allocative efficiency 
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combined with BMDP package was utilized to estimate the 


maximum likelihood estimates of the stochastic Frontier: 


6.4 Discussion of Results 

From a theoretical point of view, there appears to be 
no reason why the stochastic frontier has to be the same as 
the average function. Even though the more desirable 
approach would be to utilize a flexible form function and 
select the most representative model, as was done in Chapter 
5, 1t could not be applied here. Several factors are 
involved. Nonlinear optimization with truncated disturbances 
has appeared in the literature only during the past few 
years thus making its application fairly limited. Second, 
nonlinear optimization problems are extremely complex. 
Without considerable experience, seeking results can be very 
expensive and time consuming. Therefore the Cobb-Douglas 
function is selected and estimated using the time series 
data. 

Table 6.1 presents estimates of the stochastic and 
average cost functions. The estimated coefficients are 
different from each other. The intercept term of the 
stochastic frontier is slightly lower than that of the 
bet on nav aneasucemence’ suggested by telephone that it is 
best to start with a Cobb-Douglas cost function given the 
inexperience of the author in handling nonlinear ~ . 
optimization algorithms. The author's short experience in 
this matter strongly supports the suggestion given by Dr. 


Kopp. Furthermore, because of the problems encountered in 
the optimization process, the allocative inefficiency topic 


had to be abandoned. 
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Table 6.1: OLS and Maximum Likelihood Estimates: Alberta 


Sawmills 


Coeff. OLS MLE 
Constant -4,9421 (0.3934) =6.2129 (0.0478) 
Labor /Capital* Curse se(0e25535) 15.7000. (O20018) 
Material/Capital* -0.4148(0.3039) —Oin2220 (0.0840) 
Wood/Capital*x 0.5237(0.2248) 1.010" (050288) 
Output 0.5806(0.1116) OS 9 7S0R (05-1141) 
Scale Eco. £0256 
Sigma Square 0531 
Sig.sq. Star 0.0466 
Lambda 2.1000 
Ratio of Var(u/v) 0.8152 

Av. Tech. Eft. 0.60 

Ave Tech. Ineff. 0.40 


* These are coefficients of price ratios. 

Standard Errors in parentheses 

The OLS estimates here differ from the results presented 
earlier in Table 5.1. Here the time variable is not included 
in the model and hence the differences in the two results. 
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average cost function.** The technically more efficient 
Sawmills (as reflected by the stochastic frontier cost 
function) may have a lower level of fixed costs than the 
less efficient ones (which is assumed to be reflected in the 
average cost function). This interpretation carries the 
assumption that the intercept captures some of the fixed 
cost components. Furthermore, a neutral shift of the 
stochastic frontier from the average function would imply 
that the coefficients of both functions would be the same 
except for the intercept.**® The estimates presented in the 
table show that, besides the intercept, some coefficients 
also differ in magnitude indicating that the shift of the 
stochastic frontier is nonneutral. 

A was interpreted earlier to reflect the variation in 
observed cost due to technical inefficiency and random 
factors. When A is greater than one, the variation in 
observed costs away from the frontier cost is mainly due to 
technical inefficiency.** The value of A is greater than 
one, clearly implying that in the sawmills technical 


inefficiency has contributed to cost levels that are greater 


®4S6chmidt and Lovell's (1979) intercept estimates of the two 
functions are Similiar. 

®5See for example, the paper by Schmidt and Lovell (1979). 
Also see Kontos and Young (1983) where the the Cobb-Douglas 
production function is first estimated and the intercept is 
adjusted until some of the observed production points are 
equal to the fitted points. The method involved requires the 
scaling of the intercept term such that the some of the 
errors become zero. An approach of this nature implictly 
assumes that the stochastic frontier is simply a neutral 
shift of the average function. 
‘¢The interpretation of these results are can be found in 
Schmidt and Lovell (1979) and Bagi (1984). 
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than the frontier costs. Random factors which are not within 
the control of the sawmills have less to do with observed 
costs being greater than frontier costs. Therefore, the 
factors which reduce average production costs in the 
Sawmills appear to be largely within their control. 

A second interesting point that emerges from the result 
concerns the discrepancy between observed and frontier 
costs. The term y captures this discrepency and its value is 
0.8152. This value suggests that over 80 percent of observed 
costs, which are greater than frontier costs, can be 
attributed to technical inefficiency alone. The remaining 19 
percent can be attributed to the random factors which are 
beyond the sawmill's control. 

The fact that technical inefficiency has led on average 
to higher production costs implies that the sawmills have 
scope to reduce their average production costs. The sawmills 
must have some unexploited scale economies. The estimated 
return to scale is 1.0256 at the frontier. 

Inefficiency in the sawmills can exist for various 
reasons. Sawmills are constantly undergoing technical 
change. At any point in time in the sawmilling industry or 
across sawmills at a point in time, differences in 
technology is likely to exist, with some sawmills having 
relatively more recent technology than others. Such 
differences are likely to result in the type of technical 
inefficiency being discussed. After an initial investment in 


new assets takes place, a portion of sawmills is not likely 
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to replace old assets each year dispite newer technology 
coming onto the market. At any point in time any sawmill can 
be efficient within its existing production structure, but 
when compared with another sawmill that has acquired newer 
technology, the sawmill with older technology will appear to 


be relatively technically inefficient. 


6.5 Summary 

A stochastic cost frontier is the best practice cost 
function for a given production process. Such a function 
corresponds to the theoretical concept of minimum cost. The 
result indicate that technical inefficiency in the 
Sawmilling industry averages about 40 percent. Also, about 
80 percent of the variation between minimum and observed 
cost is due to technical inefficiency alone. The remaining 
20 percent appears to be due to random factors that are 


beyond the control of the sawmills. 
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7. ECONOMIES OF SCALE IN THE SAWMILLING INDUSTRY 


7.1 Introduction 

Economies of scale are best studied using 
cross-sectional data. Cross-sectional data reflect the fact 
that all firms in the sample have access to the same 
production technology. Economies of scale estimated from 
time series data do not truly distinguish cost reductions 
due to technological changes from the portion of cost 
reduced by scale economies (Christensen and Greene 1976). 

Before scale economies are estimated, the process of 
model selection as conducted in chapter 5 must be performed. 
The results of three models (namely, the nonhomothetic, the 
homothetic, and the homogeneous models) are presented in 
Table 7.1. The results of the likelihood ratio tests 
conducted are presented in Table 7.2. The nonhomothetic 


model is selected for the cross-sectional sample.*’ 


7.2 The Cross-Sectional Data 

A panel of cross-sectional data was obtained from a 
Survey conducted by the Canadian Forestry Service, Northern 
Forest Research Centre in 1978. The sample covered 83 
Sawmills in Alberta and is a good representation of all but 


the very smallest part-time operations.*® 


‘7The discussions in chapter 2 apply equally well to the 
cross-sectional model by simplying setting t = 0 in the 
translog models. The estimation technique discussed in 
chapter 3 also applies to the cross-sectional translog 


model. : rae 
’8For more information see Williamson (1983), Williamson and 
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The cross-sectional sample is not compatible with the 
time series information that has been used in this Study . 
The present sample does not contain materials as a separate 
input. Energy input is provided instead. Energy input 
reported was first converted into gigajoules (metric 
equivalent of BTU's) and the price of energy was obtained by 
dividing the energy bill by the quantity in gigajoules. 

Labor was measured in man-months and the price of labor 
was obtained by dividing the wage bill by the number of 
man-months employed. The price of wood was the price of 
delivered sawlogs at the mill gate. The price of capital is 
the amount paid for a doliar of capital services and was 
obtained by dividing the sum of depreciation and total 
annual maintenance expenditure by the total replacement 
value of the capital stock.*° Output of the sawmills was 
measured in foot board measure (fbm). Finally the total cost 
is the sum of expenditure on each input. 

Theoretically speaking, there is no reason for the 
relative prices of inputs in a competitive market to vary 
among sawmills. In reality, however, such variation can 
occur. Labor is not perfectly mobile and insitutional 
constraints can cause wages to differ among sawmills in 
different regions. Also, the quality of labor among sawmills 
is not homogeneous which is another reason why the wage can 


vary among sawmills if such quality differences in labor are 


®®(cont'd) Phillips (1983), and Ondro and Williamson (1982). 
@°This method of calculating the price of capital has been 
suggested by Varian (1978). 
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present. In more capital intensive sawmills, the type of 
labor required to operate automated and computerized 
equipment will command a higher wage rate than in sawmills 
that rely on less sophisticated equipment. Ondro and 
Williamson (1982) documented the fact that the quality and 
quantity and type of capital differs fairly significantly 
across the sawmill. Older capital is likely to incur higher 
maintenance costs and provide a reason for variation in the 
price of capital. The cost of transporting wood can cause 
variations in the price of wood at the mill. Also, small 
Sawmills utilize isolated timber tracts which are not 
economical for larger sawmills, and such timber stands may 
be selling at lower prices. Furthermore, larger sawmills can 
incur lower wood costs than smaller sawmills due to 
economies of scale that may result in transporting wood 
volumes in bulk. If larger sawmills have affiliated logging 
operations, economies of scale which are likely to be 
present in such vertical integration can result in relativey 
lower wood costs. Differences in the observed prices of 
energy can be the result of delivery costs of some types of 
energy such as coal, diesel and other energy types which 


need to be transported from different locations.’° 


°°Por studies that have utilized sae acute uct data to 
stud roduction structures see Christensen an Greene 
(1976) Griliches and Ringstad (1971) and Sidhu (1974) to 


cite a few. 
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7.3 Economies of Scale and the Average Variable Cost 

The economies of scale is defined as one minus the 
elasticity of cost with respect to output. When 
cross-sectional data are utilized the scale economies (SE) 
in percentage terms for a nonhomothetic translog cost 


function are defined as 


SEV=. tits LG 3 Yyy inayt + Liyh vy ines. (45) 


Before the scale economies are estimated, hypothesis 
tests were conducted to identify the most representative 
model from the set of models nested in the nonhomothetic 
translog models in a manner Similar to that described in 
Chapter 3.°' The nonhomothetic model was selected (see Table 
7.1, 7.1A and Table 7.2 for the coefficient estimates, 
their t-values and the log likelihood ratio test 
results).°? Using the relationship defined above, the 
economies of scale has been estimated for each firm at the 
observed level of output and input prices. 

All 83 sawmills appear to have positive scale 
economies, but only 45 of these estimates were statistically 
significant (i.e., only 45 estimates have standard errors 
that are equal to or less than half the estimated value of 


°!1The levels of output between the smallest and the largest 
Sawmills were very large therefore suggesting . 
heteroscadasticity. The null hypothesis of homoscadasticity 
could not be rejected at the one percent level of 
Siginificance when the Goldfield-Quandt test was applied to 
test for heteroscadasticity. 

°2Unlike in the time series model multicollineariety 
problems were not severe in the cross sectional models. 
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the scale economies). For all 83 Sawmills, the estimated SE 
appear to increase with the level of output and vary within 
the upper bound of 0.17 and a lower bound of 0.05. For the 
45 sawmills, the SE vary between the same previous upper 
bound and a lower bound of 0.10. 

The average variable cost curve (AVC) for all sawmills 
can be derived by evaluating the cost function when all 
factor prices are held constant at their mean values. The 
AVC curve was found to be relatively flat and was declining 
throughout (see Figure 7.1) thus indicating that some 
Sawmills in the industry have not yet fully exhausted their 
scale economies. It appears therefore that to increase 
efficiency in the sawmills under existing technology, firms 
have little choice but to increase output far in excess of 
existing levels. However, encouraging such an expansionary 
policy may not be very desirable from an equity point of 
view since such a policy may force many of the smaller 
Sawmills out of the industry because of the huge capital 
investments that would be required for large scale 
expansion. Also the industry may ultimately become a 
monopoly. The income and unemployment problems that are 
likely to result if the smaller sawmills are eliminated may 
not be desirable given the high rates of unemployment 
already existing in the province and the fairly large number 
of smaller sawmills that exist. 

Somewhat greater precision can be given to the point 


estimates of the scale economies by defining an acceptance 
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region. Since each sawmill has its own average variable cost 
curve (see Figure 7.2), the null hypothesis that the 
Sawmills have reached the flat portion of their variable 
cost curves, or alternatively, have no significant 
unexploited scale economies, can be tested against the 
alternative hypothesis that the null hypothesis is false. 
The acceptance region can be defined as (Kmenta, 1971, 


pp. 186-191) 
Preise» 1.96 (St. Brror)s SHiu=t 195 (46) 


where, in the above definition, a 95 percent level of 
confidence has been selected on a t-distribution with only 
the left tail being considered. Consideration of the right 
tail would imply a different hypothesis test that 
incorporates diseconomies of scale but which in the present 
case can be ruled out since no sawmill exhibited 
diseconomies of scale. The estimated value of the left hand 
Side of the above equation defines the lower range of values 
of the scale economies and if this value is negative, the 
hypothesized value (SE1) lies below the lower range of the 
Scale economies eStimated. The null hypothesis that there 
are no significant unexploited scale economies cannot be 
rejected. In other words, the sawmill has reached the flat 
portion of its average variable cost curve. 

Forty-five sawmills have positive values and the 


remaining have negative values. These negative values do not 
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mean that the sawmills have diseconomies of scale but that 
they are already in the flat portion of their individual 
average variable cost (AVC) curves. Actually, no sawmill 
exhibited diseconomies of scale (see Table 7.3). 

From the total output produced by the 83 sawmills in 
1978, over 90 percent was produced by the 45 (54 percent) 
firms that exhibited some degree of economies of scale. The 
remaining 10 percent of output was produced by the remaining 
38 (46 percent) sawmills. 

Sawmills were grouped into six different size groups. 
The number of sawmills in each group, the median output in 
each group, and the economies of scale for the median 
Sawmills are reported in Table 7.3. The results indicates a 
positive association between larger sawmills (higher output 
levels) and significant unexploited scale economies. In the 
smallest two size groups as much as 75 percent of the 


Sawmills have already exhausted their scale economies. 


7.4 Summary 

When time series data are utilized to study the 
economies of scale, cost reductions due to technical change 
that may have occured over time are difficult to distinguish 
from costs that have been reduced due to scale expansion. 
Estimation of scale economies from cross-sectional data 
avoids this problem. 

Scale economies estimated from a cross-sectional sample 


of 83 sawmills reveal that a large number of the sawmills 
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have some amount of unexploited scale economies. The results 
also indicate that nearly 54 percent of the 83 sawmills have 
not reached the bottom point of their individual average 
cost. The average cost of wood output ranges from about four 
cents to nine cents per board foot, with lower costs 


generally associated with larger sawmills. 
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8. SUMMARY AND CONCLUSIONS 


8.1 Summary and Conclusions 

The problems facing the Canadian forest industry 
including wood supply, employment Stability and 
competitiveness, are vast. Constraints imposed by time, 
funds, and experience on the part of the author necessitated 
selection of only one small aspect of the problem for 
investigation. An economic analysis of the production 
Structure of the sawmilling industry in Alberta is the focus 
of research herein. 

An economic analysis of a production structure 
generally commences by selecting statistically a functional 
form that captures different aspects of the production 
technology. A functional form that characterises a fairly 
complex production process is required. The characteristics 
of production include the estimation of substitution, own 
and cross-price demand elasticities, technical change biases 
in factor usage, productive efficiency (technical and 
allocative efficiency), scale effects and separability of 
inputs. 

Duality theory enables specification of a production 
structure by either a production function or a cost 
function. The translog cost function is selected to study 
the production structure of the sawmilling industry in 
Alberta. The translog cost function is specified as a 


function of the input prices of labor, capital, wood, and 
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materials along with the output of the sawmills. The 
parameters of the translog cost function are estimated by 
utilizing both the cost function and cost share equations. 
Multicollinearity problems are likely to occur in the 
estimation process. In the present study multicollinearity 
was detected using the auxiliary regression approach. 
Elimination of two variables, square of both time and output 
improved the results of the models considerably. All 
estimated cost functions satisfied the neoclassical 
requirements of positivity, monotonicity and convexity. 
Time-series (1959-1981) and cross-sectional (1978 survey 
results for 83 Sawmills) data sets were utilized to study 
different aspects of the production technology. The 
cross-sectional and the time-series data have identical 
inputs except that materials, which was used in the 
time-series data, was not available in the cross-sectional 
data set and was replaced by energy as a separate input. The 
measurement of the variables in the two samples also 
differs. Labor input is measured in manhours paid in the 
time series sample whereas it is measured in manmonths in 
the cross-sectional sample. The more preferred measure is 
manhours worked, which in both cases was not available. In 
Alberta, softwood is by far the main wood input in the 
Sawmilling industry. To obtain the price of wood, the 
expenditure on softwood was divided by the volume of 
softwood purchased. In the cross-sectional sample the price 


of wood at the millgate was used. 
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The material price index was calculated as a Divisia 
index consisting of nine different types of energy inputs 
and other inputs such as nails, staples, kraft paper, 
packaging materials, etc. Finally the price of capital 
services was calculated as the discrete Divisia index of 
machinery and equipment and construction and building 
capital. In the cross-sectional sample the price of capital 
is the value of maintenance plus depreciation costs divided 
by the replacement value of the capital stock. The price of 
energy in the cross-sectional sample was calculated as 
energy expenditure divided by the total gigajoules of energy 
consumed by each sampled sawmill. 

In the time series, labor shows the most significant 
price increase relative to that of the other inputs of 
capital, wood and material over the time period. The prices 
of other inputs have also increased during the 23 year 
period but not as much as that of labor. The cost share of 
capital registered the most variation, partly reflecting the 
variations in the tax rate and the interest (or the bond) 
rate which by all means have not remained constant. 

Several translog models were generated in a sequential 
order of restrictiveness. Due to time and cost limitations, 
not all models that could be generated from the 
nonhomothetic translog cost function were estimated. Ordered 
sequential testing of nested models circumvented this 
problem. The maintained hypothesis is that the production 


Structure in the sawmilling industry is nonhomothetic. In 
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all cases the null hypothesis of nonhomotheticity could not 
be rejected at reasonable levels of Significance against a 
variety of alternative hypotheses for both data sets used. 
The testing of the hypotheses which involved linear 
restrictions on the nonhomothetic model made use of 
likelihood ratio test statistics. Those that involved 
nonlinear restrictions utilized the Wald statistics. 

The nonhomothetic translog multi-input cost function is 
therefore selected as providing a reasonable approximation 
to the true underlying production technology that 
characterizes the sawmilling industry in Alberta. The 
acceptance of the nonhomothetic structure implies the 
acceptance of several aspects of the production process. 
First the cost minimizing expansion path of the sawmills is 
nonlinear. Stated differently the marginal rate of technical 
substitution among input pairs is not constant along the 
cost minimizing expansion path. Second, economies of scale 
are not constant and, given the nature of the nonhomothetic 
model, sawmills are constrained by relative factor prices 
along with the levels of output in expanding their scale of 
operations. 

Another result that may be distilled from the 
nonhomothetic production structure is the fact that partial 
elasticities of substitution are not constant and vary over 
time. Labor and capital are substitutes. Labor displays a 
complementarity relationship with wood. Between capital and 


material, a complementarity relationship is also noted. Wood 
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and material are found to be substitutes. Examination of the 
estimated elasticities reveals that, at least in the case of 
labor and capital, the substitution relationship has been 
declining steadily over the years, perhaps reflecting the 
difficulty of substituting labor for capital as labor skills 
have improved over time. The use of terminal elasticity 
estimates may be preferable for prediction purposes, 
especially if such elasticities are changing over time. Use 
of the mean values alone may not always provide the best 
current picture of such elasticities. 

Own-price derived demand elasticity estimates reveal 
that the lowest negative value exists for wood input, thus 
indicating the ‘basic good' nature of wood input in the 
Sawmilling production process. The derived demand for labor 
was elastic. 

Technical change bias is labor and material savings , 
capital using and wood neutral. The preliminary results, 
based on the Cobb-Douglas cost frontier, reveal that the 
level of technical inefficiency averages around 40 percent 
in the sawmilling industry when all sawmills are assumed to 
be allocatively efficient. The cost frontier is the locus of 
the minimum cost points and technical inefficiency is 
relative to this locus. Second, about 80 percent of the 
variation in observed costs is due to technical inefficiency 
alone and the remaining 20 percent can be attributed to 
factors that are beyond the control of the sawmills. The 


Scale economy at the frontier displays increasing returns to 
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scale. The results on technical inefficiency are, however, 
very preliminiary and without further research, should not 
be carried too far. 

Attempts to study scale economies from temporal models 
can lead to confusion, especially when a temporal model 
contains time as proxy for technical change as in the 
present study. The confusion arises from difficulties in 
separating out cost reductions due to technical change and 
scale effects. To avoid this confusion, scale economies were 
estimated using cross-sectional data. Cross-sectional data 
were obtained for a sample of sawmills in Alberta from a 
Canadian Forestry Service survey conducted in 1978. Model 
selection for the cross-sectional data reveals a 
nonhomothetic production structure in the sawmills. 
Economies of scale estimates for the 83 firms reveal that 
only 54 percent of the sawmills have scale economies that 
are statistically significant. Also this 54 percent of the 
Sawmills produced over 90 percent of the total output of the 


83 sawmills. 


8.2 Implications for Policy 

A detailed analysis was made of the production 
Structure of the sawmilling industry in Alberta. The 
objective of making such an analysis arose from the broader 
problems of wood supply, employment generation, and 


competitiveness facing the Canadian forestry sector in 


general. 


-tsrvenent , gon yonaing sent ibaae 20. 


ioe blucty No wsests" atime wets bv bie 4 

ye Oe 

alehom fetonnies age) es hwo etme 2 yOouta od 

bod favognsd’ a Some phiwdseae « no Lauiaire ogi 

ensic lonheieee sok yxorq ae omhy 

Lejeyc2 as aa fobwutnos at? . ¢hu tal 

5 conedo Lesigtoae a eam i oh li steno Ww 

so 'moogne Shape 4 Pelee pom eet Siore of ad 

392-8200) eh {eis e-eacr2 poteu! 

stusdte od ats bec ghar 1 ALeoas s 20% benéia: 

om , Ser we 7a sebnsaalies eslinet 71780308 

2 gavey exch Lahghesee- e003 si3 702 go dos 
eae " at Feigar janiaoubong . ie 


135 


What is known about the sawmilling industry in Alberta 
are some of the following. A large stock of old growth 
forest which is accessible and economically operatable 
exists but is uncommitted. Over 50 percent of the sawmilling 
industry's output finds its way into foreign markets. 

The economic analysis revealed that wood-using 
technical change bias and scale effects are both neutral. 
Wood and labor were found to be complements, indicating that 
more wood utilization enhances employment. However, the wood 
uSing technical change is neutral on the one hand, and on 
the other, capital is a substitute for both labor and wood. 
It appears that meaSures to improve the skills of the 
workers in this industry are likely to have beneficial 
effects in terms of higher productivity and increased 
employment. Improvement in skills is likely to exacerbate 
further the already declining trend observed in the labor 
Capital substitution relationship. Furthermore, such a 
policy in turn may enhance wood utilization as well. 

Scale economies provide some information on the 
reorganisation aspects of an industry. If many of the 
Smaller sawmills had exhibited diseconomies of scale, then 
discouraging continuance of such sawmills could be a 
possible action policy makers could take if such action 
improved overall efficiency in the industry. More of the 
larger sawmills had scale economies than the smaller 
Sawmills. The unexploited scale economies in the larger 


Sawmills were less than one percent. Therefore, to encourage 
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larger sawmills and discourage smaller sawmills may not be 
desirable. First, such a policy is likely to increase 
unemployment resulting from the labor capital substitution 
relationship that will take place in the larger sawmills and 
will add to the displaced labor from the smaller sawmills. 
Second, increased efficiency gains resulting from mill 
expansion may not be large enough to compensate the income 
lost by the displaced workers, given that the level of 
unexploited scale economies in the larger sawmills are very 
low. However, further research is needed to determine the 
efficiency gain that may result if smaller sawmills are 
displaced and should be compared with the income lost by the 


displaced workers. 


8.3 Suggestions for Future Research 

In many sectors of the economy, differences between 
production and other (owners, proprietors and clerical 
staff) workers exist. These differences may be reflected in 
working hours, working conditions as well the type of 
on-the-job training and other factors. Aggregating these two 
labor types on the grounds that they are homogeneous may not 
be appropriate. A test for such aggregation would be of 
interest. Other workers may need to be specified as a 
Separate input in the cost functions. Relationships of the 
types examined in this research could then be analysed with 


respect to other workers which may have implications for 


employment. 
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Another area of further research for policy purposes is 
the possible development of an aggregate cost function for 
the sawmilling industry across Canada. If such a cost 
function exists, then the effect of policy change on the 
Sawmilling industry across the country could be 
anticipiated. However, if such a function does not exist, 
then different policies may have to be formulated for 
different provinces to meet the desired goals. Such a study 
may provide insights into stablity issues in the industry 
across the country. 

In the province a large number of smaller sawmills 
produce a relatively low volume of output. These smaller 
Sawmills did not exhibit diseconomies of scale. Further 
research on the smaller sawmills should perhaps be directed 
toward understanding more about these sawmills. A larger 
number of these sawmills are owner-operated mills, that may 
not readily leave the industry for reasons such as continued 
utilization of fully depreciated equipment and adaptability 
to small high quality timber tracts. With regard to the 
larger sawmills research should perhaps be directed more 
toward international trade and design of policies that 
improve the competitiveness of the larger sawmills. 

Further research in the area of stochastic frontier 
functions can prove to be useful for planning purposes. The 
possibility of identifying mills that are associated with 


the cost frontier may be useful in predicting alternate mill 


sizes. 
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Table 10.1: Input Price Indexes (1971=100) for the Alberta 
Sawmilling Industry, 1959-1981. 
ee ee eee eT eee OTT Ser Oe ee ee 
Price Index 


Year Labour Materials Wood Capital 
1959 0.43796 0.54731 0.91134 0.41586 
1960 0.45466 0.54732 0.75366 0.43031 
1961 0.46922 0.54731 0.61275 0.46095 
1962 0.48862 0.54731 0.47668 0.59837 
1963 0.50857 0.54731 0.65405 0.44352 
1964 0.50947 0.54732 0.54380 0.51469 
1965 0.54352 0.60568 0.56001 0.59220 
1966 0.60432 0.61309 0.67203 0.71968 
1967 0.66679 0.84884 0.78864 0.77264 
1968 0.72791 0.84884 0.85888 0.58485 
1969 0.78324 0.89176 0.948.555 0.69907 
1970 0.88572 0.96212 0.89810 0.85579 
1971 1.00000 1.00000 1.00000 1.00000 
1972 1.62760 1.04205 1.45269 0.79949 
1973 1.32176 1.13038 Ven oC 1, 00229 
1974 1.51422 1, 35827 1.47711 V. 5¢762 
1975 1.68811 1.60492 1.39449 1.43341 
1976 1.94725 1.74891 1,62528 1,32920 
1977 2.21644 1.75896 1, 50935 1.30046 
1978 2.48575 1.84796 1.69148 1.70925 
1979 2.78734 2.02477 1.79584 1. 9S95a 
1980 3.17821 2.20593 1.85403 1.92033 
1981 3.78586 2. 2a eu 2.10453 2.29905 
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Table 10.2: Proportional Input Shares for the Alberta 
Sawmilling Industry, 1959-1981. 


Input Share 


Year Labour Materials Wood Capital 

1959 0.132914 0.248673 0.586676 O2OS4 237 
1960 0.126738 08313052 0.505867 0.054343 
1961 0.132443 0.224928 250365 0.069462 
1962 06215655 0.225260 0.483844 0.075040 
1963 0.196789 0.221442 0.523559 0.058209 
1964 0.191654 0.416678 0.348060 0.043608 
1965 0.202533 0.398672 0.344887 0.053909 
1966 0.197291 0.353923 0.390268 0.058518 
1967 0.202747 0.300664 0.448095 0.048494 
1968 0.203239 0.357296 0.392946 0.046518 
1969 0.181846 0.308100 0.464407 0.045648 
1970 OD DP2Z275 0.325761 0.446874 0.055090 
1971 O.1163:761 O.S19754 0.455085 0.061405 
1972 0.161479 0.314936 0.451436 0. O07 2449 
1973 0.147945 0.281694 0.482081 0.088281 
1974 0.142020 0.268733 0.433029 0.156219 
1975 0.160567 0.294074 0.320183 Ore 2 Slot S 
1976 On bo t291 OL 27697 0.400166 Otitis 
1947 0.168468 0.303086 0.381621 0.146825 
1978 0.160665 O2277052 0.383847 0.178435 
1979 0.154512 0.269098 0.387141 0.189249 
1980 0.159978 0.297941 0.338677 0.203405 
198 1 0.146977 02229006 0.427906 0.186109 
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